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Annual  Report  of  the 

Mathematical  Research  Branch 

National  Institute  of  Diabetes  and  Digestive  and  Kidney  Diseases 

Current  research  projects  of  the  Mathematical  Research  Branch  reflect  a  broad 
range  of  interests  in  the  development  and  application  of  theoretical  models  and  of 
quantitative  methodologies  for  understanding  biological  systems. 

This  research  involves  several  different  collaborations  within  the  Branch  and 
with  other  research  groups,  both  ai  the  NIH  and  elsewhere.  This  report  describes 
recent  work  in  the  areas  of  cellular  and  network  neurobiology,  electrical  activity 
of  secretory  cells,  microcirculation,  renal  physiology,  cell  energetics,  and 
mathematical/numerical  methodologies. 

During  the  past  year,  international  collaborative  projects  have  involved  foreign 
investigators  at  Hebrew  University,  Jerusalem  (Department  of  Neurobiology),  at  the 
University  of  Oxford  \Physiological  Laboratory),  and  at  the  Australian  National 
University.  Invited  presentations  were  given  at  distinguished  symposia  by  J  Rinzel 
(Annual  Meeting,  Society  for  Neuroscience,  New  Orleans;  Annual  Meeting,  Society  for 
Mathematical  Biology,  Berkeley;  Annual  Meeting  for  Computational  Neuroscience,  San 
Francisco)  and  by  A  Sherman  (World  Congress  on  Nonlinear  Mathematics,  Tampa).  An 
invited  paper  was  completed  by  W  Rail  (and  coauthors)  for  an  issue  of  Physiological 
Reviews  to  commemorate  the  land-mark  publications  of  Hodgkin,  Huxley  and  Katz  in 
1952.  A  research  workshop  entitled  "Implications  of  dendritic  models  for  neural 
network  properties"  was  organized  by  W  Rail  and  conducted  at  the  Santa  Fe 
Institute,  Santa  Fe,  NM,  Oct,  1991.  J  Rinzel  was  involved  in  organizing  the 
six-week  Summer  Program  in  Mathematical  Physiology  (July-Aug,  1991  at  the 
Mathematical  Sciences  Research  Institute,  Berkeley);  several  MRB  staff  were  in 
invited  participants.  J  Rinzel  was  invited  to  teach  in  the  course.  Methods  in 
Computational  Neuroscience,  Woods  Hole,  MA  and  in  the  International  School  of 
Neural  Modeling  and  Neural  Networks,  Capri,  Italy.  J  Rinzel  received  the 
USPHS  Outstanding  Service  Award. 

Network  Neurobiology. 

The  lamprey  central  pattern  generator  (CPG)  for  swimming.  The  isolated  spinal 
cord  of  the  lamprey  can  produce  a  traveling  wave  of  neural  activity  as  evidenced 
by  repetitive  bursts  of  action  potentials  recorded  at  the  motor  roots.  The  time 
delays  between  bursts  measured  at  different  segments  and  the  burst  periods 
typically  fluctuate  about  some  mean.  The  lamprey  CPG  has  been  modelled  as  a  chain 
of  coupled  oscillators.  We  have  added  noise  to  the  oscillator  frequencies  in  this 
model  and  have  developed  a  maximum-! ikeli hood  estimation  of  the  coupling  strengths. 
We  are  presently  applying  this  maximum-likelihood  estimation  to  experimental  data. 
(T  Kiemel  and  A  Cohen,  N  Mellon:  Univ  MD) 

Coupled  oscillators  near  saddle  loop  bifurcations.  For  a  class  of  neuron  models, 
oscillations  terminate  as  a  parameter  is  varied  due  to  a  saddle  loop  bifurcation 
in  which  the  period  of  the  oscillation  goes  to  infinity.  We  are  studying  two 
identical  gap-junction  coupled  cells  which  are  each  near  a  saddle  loop  bifurcation. 
We  have  shown  that  generically  the  in-phase  solution  is  unstable.  We  are  presently 
investigating  the  stability  of  the  anti-phase  solution.  (T  Kiemel) 
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Activity  in  slow  synapse  networks.  In  some  neurons  chemical  synapse  kinetics 
are  much  slower  than  spike  generating  processes.  Specific  kinetic  schemes  are 
transformed  so  that  an  averaging  method  based  on  differing  time  scales  can  be  used 
to  understand  the  dynamics  of  coupled  neurons,  for  example  bistability  and 
bursting.  The  hysteresis  which  underlies  this  type  of  bursting  can  be  generated 
from  either  a  subcritical  Hopf  bifurcation  in  an  iso'^ated  cell,  or  through  network 
feedback  effects.  Both  cases  are  analyzed.  It  appears  that  low  order  chaos  is 
associated  with  such  bursting.  In  the  non-bursting,  bistable  situation,  we  use 
higher  order  approximations  to  describe  the  phase  relationships  of  two  oscillating 
cells;  we  find  that  the  effects  of  slow  coupling  are  fundamentally  different  than 
those  of  weak  coupling.  The  case  of  nearly  identical  oscillators  with  nearly 
identical  coupling  has  been  thoroughly  analyzed.  Behaviors  such  as  6:7  phase 
entrainment,  phase  oscillations,  in-phase  stable,  out-of-phase  stable,  and 
phase-walkthrough  are  predicted  with  the  averaging  theory;  these  have  been  observed 
for  a  particular  numerical  example.  (P  Frankel,  J  Rinzel  and  T  Kiemel) 

Oscillations  of  a  thalamic  network  model.  Previously  we  developed  a  model  which 
exhibits  postinhibitory  rebound  excitation,  like  the  low-threshold  spike  (LTS)  of 
thalamic  neurons  (with  M  Rogawski,  NINDS).  In  order  to  understand  the  10  Hz 
synchronized  bursting  oscillations  in  the  mammalian  thalamocortical  system  during 
deep  sleep,  we  consider  such  model  cells  coupled  by  inhibitory  synapses.  When  the 
synaptic  current  depends  instantaneously  on  presynaptic  voltage,  two  cells 
oscillate  out-of-phase.  However,  when  the  synaptic  current  has  a  slow  decay 
property,  perfect  in-phase  synchrony  can  be  realized.  We  have  determined 
numerically  the  ranges  for  decay  rate  and  synaptic  reversal  potential  which  yield 
these  behaviors.  A  network  of  ten  cells,  coupled  all-to-all,  can  also  synchronize 
with  slowly  decaying  synaptic  currents.  Moreover,  with  sufficient  synaptic 
strength,  the  network  may  have  several  different  stable  activity  patterns:  with 
some  fraction  of  the  cells  inhibited  and  the  remainder  oscillating  in-phase.  We 
suggest  that  the  slow  decay  of  GABA-b  mediated  inhibition  is  important  for  the 
hypothesized  role  as  pacemaker  of  the  thalamic  reticular  nucleus.  (X  J  Wang  and 
J  Rinzel) 

Cellular  Neurobiology. 

A-current  modulation  of  thalamic  neuron  bursting.  We  constructed  a 
semi-quantitative  model  for  bursting  which  consists  of  rapid  action  potentials  (Na 
spikes)  which  ride  on  the  slow  depolarized  phase  of  the  low-threshold  spike  (LTS). 
A  T-type  Ca  current  underlies  the  LTS.  Upon  release  from  hyperpolarization,  the 
LTS  is  slowly  terminated  by  the  inactivation  of  this  Ca  current.  A  transient 
potassium  current  (A-current)  is  also  de-inactivated  during  hyperpolarization.  We 
update  the  model  by  including  an  A-current,  and  analyze  its  imposition  on  the 
T-current.  The  full  model  leads  to  LTS  bursts  with  diminished  Na  spiking, 
suggesting  that  an  additional  inward  current  may  contribute  to  the  greater  spiking 
as  seen  experimentally.  Furthermore,  the  A-current  can  delay  the  onset  of  the  LTS; 
this  could  have  consequences  in  the  coupling  behavior  of  thalamic  neurons.  (M 
Rush  and  J  Rinzel) 

Models  of  hippocampal  neurons. 

We  have  been  analyzing  a  detailed  multicompartment  model  of  hippocampal  neurons. 
One  aim  is  to  reduce  this  system  of  over  100  variables  to  a  simpler  one  which  has 
qualitatively  similar  behavior.  To  this  end  we  have  developed  several  2  compartment 


models  which  show  the  same  transitions  from  repetitive  bursting  to  repetitive 
spiking  as  applied  current  is  increased  as  does  the  full  model.  We  are  currently 
trying  to  understand  mathematically  the  nature  of  this  transif^on  from  bursting  to 
spiking.  A  one  dimensional  map  that  approximates  the  dynamics  of  the  2  compartment 
model  has  been  developed  and  may  prove  useful  in  this  regard.  The  models  we  have 
developed  have  one  or  more  slow  variables.  These  different  time  scales  have  been 
utilized  to  develop  asymptotic  results.  We  have  proved  a  series  of  theorems 
dealing  with  general  systems  of  equations  with  slow  variables.  These  can  be  used 
to  reinforce  numerical  findings  in  the  models.   (P  Pinsky  and  J  Rinzel). 

Dendritic  neuron  modeling.    An  invited  review,  "Matching  neuron  model  complexity 
to  experimental  data",  has  been  prepared  for  a  special  issue  of 
Physiological  Reviews  to  commemorate  the  land-mark  publications  of  Hodgkin, 
Huxley  and  Katz  in  1952.     The  review  also  includes  new  results.     Its  focus  is 
on  mathematical  models  whose  increasing  geometric  complexity  was  designed  to 
more  nearly  match  the  wealth  of  anatomical  data  that  has  recently  become 
available  for  several  neuron  types.     Complications  include  a  significant  shunt 
conductance  (across  the  soma  membrane)  that  is  probably  introduced  by  sharp 
microelectrodes,  and  nonuniformity  of  some  and  dendritic  membrane,  including 
some  discussion  of  nonlinear  membrane  properties.     The  review  compares  the 
results  and  implications  of  the  more  complex  models  with  those  of  the  earlier 
idealized  models.     Among  the  consequences  are  higher  values  estimated  for 
membrane  resistivity  and  the  membrane  time  constant,  with  lower  values  for  the 
dimensionless  electrotonic  length  of  dendritic  trees;  this  enhances  the 
theoretical   efficacy  of  dendritic  synapses.     Many  of  the  points  made  only 
briefly  in  the  Review  are  documented  in  detail   in  three  papers  completed  this 
year  by  Rail,  Holmes,  and  Segev.      (W  Rail,  RE  Burke:NINDS,  WR  Holmes:     Ohio  U, 
JJB  Jack:     Oxford,  SJ  Redman:     Australian  Nat  U,   I  Segev:     Hebrew  U  and 
MRB,NIDDK) 

A  research  workshop  entitled  "Implications  of  dendritic  models  for  neural 
network  properties"  was  organized  by  W  Rail  and  conducted  at  the  Santa  Fe 
Institute,  Santa  Fe,  NM,  Oct. 10-14,  1991  (  (sponsored  by  SFI).  Twelve 
participants  provided  many  explicit  examples  of  important  and  interesting 
properties  of  neurons  (involving  nonlinear  membrane  properties  and/or  nonuniform 
distributions  of  synaptic  inputs  to  dendritic  membrane);  such  properties  are 
completely  neglected  by  the  binary  units  assumed  by  most  network  modelers. 
Collaborations  were  identified  that  could  offer  special  promise  of  demonstrating 
how  network  properties  can  be  enriched  by  including  realistic  neuron  properties  in 
network  models.  A  number  of  participants  favored  neuron  models  with  an 
intermediate  level  of  complexity.     (W  Rail,  with  workshop  participants). 

Interpretation  of  synaptic  current  measurements .  We  have  carried  out 
simulations  in  parallel  with  experimental  measurements  of  calcium  current  in  calyx 
nerve  terminals  of  the  chick  ciliary  ganglion.  The  calyx  is  large  in  area  (it  may 
cover  half  of  the  post-synaptic  cell  body)  and  very  thin,  implying  that  it  may  be 
electrically  large  and  not  well  space-clamped.  We  sought  to  test  the  hypothesis 
that  poor  space-clamp  could  account  for  the  observed  skewing  of  I-V  relations  to 
positive  voltages  and  failure  of  the  current  to  decline  towards  the  calcium 
reversal  potential.  Modeling  the  calyx  as  a  disk,  we  confirmed  that  the  ideal  I-V 
relation  is  reduced  in  amplitude  and  shifted  to  the  right  when  the  thickness  of  the 
disk  is  small.  With  sufficient  right  shift,  the  curve  may  be  monotonic  in  the 
experimental  range  of  voltages.     It  was  also  apparent  that  under  conditions  of  poor 


space  clamp,  undamped  spikes  can  occur  making  it  impossible  to  measure  I-V 
relations,  unless  significant  leak  current  is  present  after  applying  K-channel 
blockers.     (A  Sherman  and  E  Stanley:     BL,  NINDS) 

Electrical  Activity  of  Insulin-secreting  Cells. 

Effects  of  electrical  coupling  among  pancreatic  beta-cells.  It  appears 
experimentally  that  bursting  oscillations  occur  only  in  large  ensembles  of  cells, 
such  as  their  natural  setting,  the  islet  of  Langerhans.  We  have  previously 
reported  that  gap-junctional  coupling  can  allow  ensembles  to  burst,  even  when  the 
individual  cells  are  prevented  from  bursting  by  excessive  channel  noise.  Because 
more  recent  evidence  argues  against  channel  noise  as  a  major  factor,  we  have 
proposed  a  new  hypothesis  that  cell  heterogeneity  is  responsible  for  the  inability 
of  isolated  cells  to  burst.  To  test  this  hypothesis  we  have  simulated  clusters  of 
cells  with  experimentally  determined  variances  of  parameters  .nd  coupling 
strength.  We  find  that  even  a  1056  variation  from  a  set  of  parameters  known  to 
give  bursting  in  a  model  cell  yields  a  population  in  which  few  cells  are  capable 
of  bursting  in  isolation.  When  coupled,  however,  synchronized  bursting  is 
observed.  As  found  previously  in  clusters  of  identical  cells,  the  spikes  are 
out-of-phase  and  reduced  in  amplitude,  leading  to  increased  burst  period.  Because 
of  deterministic  coupling  effects,  the  spike  pattern  is  irregular,  resembling 
experimental  spikes  and  rather  unlike  those  in  isolated  model  cells.  Thus,  we 
learn  that  one  should  not  expect  single-cell  models  to  replicate  experimental 
courses  of  cells  subject  to  coupling  influences.  (P  Smolen,  J  Rinzel  and  A 
Sherman) 

We  are  studying  in  detail  coupling  of  pairs  of  cells  using  simplified  beta-cell 
models.  By  using  a  combination  of  analytical  and  numerical  techniques  we  examine 
the  underlying  basis  for  the  coupling  effects  observed  in  large-scale, 
physiologically  detailed  simulations,  as  above.  Using  perturbation  methods  we 
derive  reduced  equations  in  a  parameter  regime  where  coupling  is  weak  and  stability 
of  oscillations  is  also  weak.  Numerical  comparisons  reveal  that  the  reduced 
equations  give  results  in  excellent  agreement  with  the  original  system,  but  are 
much  easier  to  study.  We  seek  to  isolate  the  physical  parameters  that  are 
responsible  for  out-of-phase  oscillations  and  also  to  extend  the  analysis  to  more 
than  two  oscillators.     (A  Sherman  and  HR  Zhu) 

Ionic  channel  mechanisms  for  beta-cell  bursting  oscillations.  It  is  still  not 
clear  what  slow  change  in  ionic  conductance  underlies  these  oscillations,  although 
slow  voltage-gated  inactivation  of  a  calcium  current  and  slow  modulation  of  a 
potassium  conductance  are  strong  possibilities.  We  are  collaborating  with 
experimentalists  to  examine  the  importance  of  these  possibilities.  This  effort 
involves  modeling  and  concurrent  rel^inement  of  new  experimental  protocols.  As  part 
of  these  efforts,  we  are  beginning  to  examine  the  importance  for  bursting  of  a 
T-type  calcium  conductance  recently  found  in  rat  and  hunan  beta-cells.  (P  Smolen 
and  L  Satin:Virg  Comm  Univ  Med  School  and  E  Rojas:LCBG,  NIDDK) 

Renal  Physiology. 

Ammonium  and  bicarbonate  transport  along  long-loop  thin  descending  limb. 
Luminal    fluid    from   proximal    convoluted    tubule   of  a   juxtamedullary   nephron    is 
alkalinized  as  it  passes  through  the  long  descending  loop  of  Henle  (LDL).     Three 
potential  mechanisms  of  alkalinization  are:    concentration  of  bicarbonate  by  water 
abstraction,  direct  bicarbonate  entry,  and  NH3  entry.    We  have  used  a  mathematical 


model  of  LDL  to  investigate  these  mechanisms.  We  used  permeabilities  of  HC03, 
NH3,  and  NH4  measured  (in  experiments  designed  with  the  helT  of  our  model)  for 
subsegments  of  the  chinchilla  LDL,  the  osmotic  water  permeability  of  each  segment, 
and  appropriate  parameters  from  the  literature,  including  interstitial  profiles 
obtained  from  in-vivo  measurements,  to  calculate  pH,  [HC03],  and  [NHS]  of  the 
luminal  fluid  as  it  descends  the  LDL.  Our  studies  indicate  that,  while  all  three 
mechanisms  individually  contribute  to  LDL  alkalinization,  NHS  likely  plays  the 
dominant  role.  Our  experiments  showed  that  the  outer  medullary  segment  was  the 
most  permeable  to  ammonium,  while  the  deep  inner  medullary  segment  was  the  most 
permeable  to  bicarbonate.     (R  Mejia,  and  M  Flessner  M  KnepperrNHLBI) 

Role  of  the  kidney  in  acid/base  balance.  We  have  continued  the  development  of 
a  multinephron  model  for  acid/base  balance  in  the  whole  kidney,  as  experiments  to 
measure  the  necessary  parameters  continued.  A  numerical  algorithm  that  uses  domain 
decomposition  with  parameter  continuation  to  solve  a  system  of  differentia'.- 
algebraic  equations  with  4th  order  accuracy  in  the  nephrons  has  been  enhanced  to 
permit  a  variable  step  size  larger  that  2%  of  axial  length,  which  allows 
computation  of  species  concentrations  with  an  accuracy  exceeding  0.1%. 
(R  Mejia  and  M  KnepperrNHLBI) 

Microcirculation. 

Vasomotion.  An  integrated  formulation  for  the  vasomotion  of  small  arteries  has 
been  completed.  It  incorporates  the  calcium  and  potassium  ion  transports,  the 
membrane  electrical  acivity  and  the  calcium  generated  muscle  contraction  of  the 
vessel  wall's  smooth  muscle  cells  into  the  mechanics  of  an  internally  pressurized 
thick  wall  vessel  cylinder.  A  more  detailed  description  of  the  smooth  muscle 
biochemistry,  contraction  velocity  and  stress  development  has  been  incorporated. 
The  calcium  entry  results  in  the  phosphorylation  of  the  myosin  light  chain  which 
determines  the  crossbridge  cycling,  the  stress  development  and  the  contraction 
velocity.  Our  computed  results  reproduce  all  the  features  found  experimentally  in 
an  excised  isolated  middle  cerebral  artery  subjected  to  different  intraluminal 
pressures  for  both  conditions:  intact  and  abolished  myogenic  response.  (JM 
Gonzalez-Fernandez  and  B  Ermentrout:     U  Pittsburgh) 

Vasomotion  in  arteriolar  networks.  The  network  model  consists  of  one  main 

branch,  terminal  artery  with  a  given  intraluminal  pressure,  that  gives  rise  to 
several  branches  in  parallel,  arterioles.  Each  arteriole  posseses  vasomotion 
capabilities,  dependent  on  the  local  transmural  pressuve.  There  is  no  humoral  or 
electrical  connections  between  the  arterioles.  The  vasomotion  in  one  arteriole 
influences,  through  changes  in  the  its  hydraulic  flow  resistance,  the  intraluminal 
pressure  of  the  other  arterioles.  This,  in  turn,  influences  their  oscillatory 
activity.  As  a  result,  for  most  of  the  cases  studied,  the  arteriolar  network 
oscillatory  activity  becomes  synchronized.  The  synchronization  attains  more 
promptly  when  the  proximal  arteriolar  resistance  is  larger;  this  could  be  relevant 
for  the  synchronization  observed  in  sickle  cell  anemia.  In  some  cases  the  model 
shows  that  no  synchronization  attains,  but  that  the  basic  oscillatory  behavior  is 
replaced  by  a  non  periodic  vasomotor  activity.  This  is  reminiscent  of  the 
experimentally  observed  non-periodic,  non-synchronized  behavior  between  neighboring 
arterioles,  which  has  been  assumed  to  be  unrelated  arteriolar  behaviors. 
(  JM  Gonzalez-Fernandez  and  B  Ermentrout:     U  Pittsburgh) 


Selected  Other  Topics. 

Cell  energetics.  We  have  previously  described  reaction-diffusion  models  for  ATP 
and  its  byproducts  that  are  based  on  data  obtained  using  MDCK  cells  grown  in 
monolayers.  A  model  with  cylindrical  geometry,  radial  symmetry  and  allowing  a 
variable  distribution  of  mitochondria  for  oxidative  phosphorylation  has  been 
developed  and  is  being  used  to  infer  cell  properties.  The  model  predicts  an  inverse 
log-linear  relationship  between  maximal  [ADP]  and  species  diffusivity.  In 
addition,  maximal  [ADP]  is  about  20  times  the  average  over  the  cell,  both  at  rest 
as  well  as  under  stressed  conditions.  (R  Mejia  and  R  LynchiU  Arizona) 

Solving  reaction-diffusion  equations  by  Monte  Carlo  methods.  We  have  developed 
a  numerical  method  based  on  random  walks  for  solving  equations  in  two  or  more  space 
dimensions.  Diffusion  is  simulated  by  Brownian  motion  of  particles,  and  reaction 
is  simulated  by  a  process  with  an  evolutionary  flavor:  Particles  are  selected  for 
proliferation  or  extinction  such  that  collectively  they  will  represent,  on  average, 
the  solution  of  the  partial  differential  equation.  We  are  exploring  how  to  make 
this  algorithm  efficient  enough  to  compete  with  standard  methods.  The  method  is  of 
general  interest  because  of  its  close  connections  with  algorithms  for  the  motion 
of  vortices  in  fluids.  (A  Sherman  and  M  Mascagni) 
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RESEARCH  AREA.  basic  neuroscience  involving  structure/function  relations  for 
neuronal  dendritic  branching,  dendritic  spines,  and  synapses  (also  neuron 
populations,  with  cortical  symmetry),  and  for  such  functions  as  synaptic 
transmission,  amplification  and  dendro-dendritic  interactions  in  the  context  of 
spatio-temporal  input  patterns,  logical  processing  of  input,  and  neural  plasticity, 
as  in  conditioning  and  learning. 

RATIONALE.  Combine  experimental  data  from  neuroanatomy  and  from  electrophysiology 
with  biophysical  models  of  nerve  membrane  (passive,  synaptic  and  excitable)  into 
a  comprehensive  theory  which  can  lead  to  new  insights  and  to  testable  theoretical 
predictions  (leading  to  the  design  of  better  experiments).  To  do  this  we  must 
create,  explore  and  test  mathematical  and  computational  models  with  different 
degrees  of  complexity. 

METHODOLOGY.  Our  methods  include  both  analytical  solutions  and  computational 
solutions  of  boundary  value  problems  (for  partial  differential  equations)  in  the 
tradition  of  classical  physics.  They  include  also  the  formulation  and  solutions 
of  problems  in  terms  of  systems  or  ordinary  differential  equations;  when  this  is 
done  explicitly  for  a  compartmental  model  of  a  neuron,  it  is  possible  to 
accommodate  a  remarkable  variety  of  dendritic  branching  patterns  and  non-uniform 
distributions  of  membrane  properties  and  of  synaptic  inputs. 
RESULTS.  For  book  chapters  giving  results,  perspective,  and  references,  see: 
"Single  Neuron  Computation"  (T.  McKenna,  0.  Davis  &  S.F.  Zornetzer)  Academic  Press, 
1992;  "Computational  Neuroscience"  (E.L.Schwartz,  ed.)  MIT  Press,  1990;  "The 
Segmental  Motor  System"  (M.D. Binder  &  L.M.Mendell,  eds.)  Oxford  Press,  1990; 
"Methods  in  Neural  Modeling"  (C.Koch  &  I. Segev,  eds.)  MIT  Press,  1989. 
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This  goal  of  this  work  is  to  develop  mathematical  models  of  the  blood  flow  and 
transcapillary  exchanges  in  capillary  networks.  An  effort  is  being  made  to 
incorporate  in  the  models  of  the  histological  structure  of  capillary  networks  as 
well  as  different  flow  patterns  from  available  experimental  information.  In  this 
model  the  extraction  substrates  with  different  chemical  kinetics  at  the  tissue  site 
will  be  described.  It  is  expected  that  this  could  be  used  in  experimental 
situations  where  the  extraction  or  different  substrates  are  measured 
simultaneously,  thus  helping  to  infer  the  flow  pattern  features  of  the 
microcirculation.  A  model  of  the  diffusion-consumption  of  oxygen  in  striated 
muscle  containing  myoglobin  (facilitated  diffusion)  is  being  developed  and 
pertinent  numerical  results  examined.  A  description  of  the  origin  and  control  of 
vasomotion  is  being  formulated,  and  applied  to  the  study  of  microcirculation 
networks. 
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This  project  continues  to  focus  on  the  formulation,  analysis,  and  biophysical 
interpretation  of  nathematical  aodels  which  describe  various  aspects  of  electrical 
activity  of  neurons  and  other  cell  types.  Among  the  topics  of  current  interest 
are:  (1)  Integration  of  synaptic  input  delivered  to  the  soma  and  dendritic 
branches  of  a  neuron;  (11)  propagation  of  action  potentials  along  axons;  (ill) 
stimulus-response  and  threshold  properties  for  repetitive-firing  of  action 
potentials;  (iv)  complex  bursting  patterns  of  nend>rane  potential  oscillations 
which  arise  through  endogenous  membrane  properties  and/or  intercellular  coupling. 

Because  qualitatively  related  nathematical  or  biophysical  problems  nay  arise  In 
other  context,  e.g,  chemical  and  biochemical  osciallations,  or  e.g.  excitation- 
secretion  coupling,  this  project  aay  consider  models  from  such  applications. 

Mathematical  models  of  these  phenomena  involve  systems  of  linear  and  nonlinear 
ordinary  differential  equations  and  parabolic  partial  differential  equations. 
Solutions  and  their  mathematical  stability  are  determined  by  analytical  and 
ninerical  methods  drawn  from  both  classical  and  modern  applied  mathematics. 
These  methods  may  include  finite  difference  or  finite  element  niaerlcal 
integration,  theory.  One  goal  of  this  project  Is  to  expose  the  qualitative 
mathematical  structure  for  classes  of  models  by  exploiting  simple,  yet 
physiologically  reasonable,  equations. 
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SUMMARY  OF  WORK  lUm  wun^ud  immducmd  typm.  Oe  hoi  »*emmd  Om  api 

We  use  mathematical  models  to  study  the  mechanisms  of  oscniatory  electrical 
activity  arising  from  ion  channels  in  cell  membranes  and  modulated  by  intracellular 
chemical  processes.  We  are  interested  in  both  the  behavior  of  single  cells  and  the 
ways  in  which  cells  communicate  and  modify  each  other's  behavior. 

Our  main  application  has  been  to  the  biophysical  basis  of  insulin  secretion  in 
pancreatic  beta-cells.  We  have  examined  bursting  oscillations  in  membrane 
potential  and  the  role  of  electrical  coupling  between  cells  in  the  islet  of 
Langerhans.  Long  term  goals  are  to  understand  how  the  membrane  dynamics  interact 
with  intracellular  events  to  regulate  secretion  and  to  generalize  to  other 
secretory  cells  and  neurons. 

Our  primary  tool  is  the  numerical  solution  of  ordinary  and  partial  differential 
equations.  We  use  analytical,  geometrical,  graphical,  and  numerical  techniques  from 
the  mathematical  theory  of  dynamical  systems  to  help  construct  and  interpret  the 
models.  Perturbation  techniques  are  used  to  get  analytical  results  in  special 
cases. 

We  study  both  detailed  biophysical  models  and  simplified  models  which  are  more 
amenable  to  analysis.  Such  an  approach  aids  the  isolation  of  the  essential  or 
minimal  mechanisms  underlying  phenomena,  the  search  for  general  principles,  and  the 
application  of  concepts  and  analogies  from  other  fields. 

We  see  a  role  for  our  group  as  intermediaries  between  the  mathematical  and 
biological  disciplines.  This  includes  disseminating  the  insights  of  mathematical 
work  to  biologists  in  accessible  language  and  alerting  mathematicians  and  other 
theoreticians  to  new  and  challenging  problems  arising  from  biological  issues. 


«wc  *run  'B.,  K>a- 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  CELLULAR  AND  DEVELOPMENTAL  BIOLOGY 

The  thirty-five  members  of  LCDB  focus  on  study  of  the  critical  elements  of  development  and 
differentiation:  how  extracellular  signals  are  translated,  through  transducers  and  second  messengers, 
into  differential  gene  expression  in  the  nucleus,  and  how  the  architecture  of  nucleic  acids  and 
proteins  is  involved  in  nuclear  and  cytoplasmic  function.  This  is  an  exciting  area  of  modem  biology 
and  one  in  which  members  of  the  laboratory  are  widely  recognized  as  key  players. 

Several  noteworthy  recognitions  have  come  to  laboratory  personnel  this  year.  Dr.  Jurrien  Dean  spoke 
and  chaired  a  session  in  a  WHO  conference  on  immunologic  aspects  of  reproduction  in  Russia  and 
at  two  conferences  on  reproductive  immunology  in  Rome.  Dr.  Dean  is  a  member  of  the  NIH 
Biosafety  Committee.  Dr.  Joseph  Shiloach  taught  in  a  biotechnology  course  in  Singapore  and  spoke 
at  the  Asia  Pacific  Biochemical  Engineering  Conference  in  Japan.  D^.  John  I  ouis  Medabalimi  spoke 
at  the  Workshop  on  HIV  Drug  Resistance  in  Amsterdam.  Dr.  Alan  Kimmel  spoke  at  an  international 
meeting  on  Molecular  Aspects  of  Dictyostelium  Development  and  an  AAAS  symposium  on  The 
Revolution  in  Developmental  Biology  and  serves  as  a  member  of  the  NIH  Committee  for  Molecular 
Medicine.  Dr.  Andrew  Greenberg  received  the  Henry  Christian  Award  for  Excellence  in  Research 
of  the  AFCR.  Dr.  Robert  Simpson  assumed  an  Executive  Editor  position  for  Nucleic  Acids  Research, 
was  a  member  of  the  review  panel  for  the  Gene  Expression  Programme  of  the  European  Molecular 
Biology  Laboratory  and  taught  in  the  Genetics  Short  Course  at  The  Jackson  Laboratory.  He 
completed  a  three-year  term  as  a  member  of  the  Molecular  Cytology  Study  Section.  Many  members 
of  the  laboratory  presented  their  work  at  other  major  meetings  and  lectured  at  NIH,  universities  and 
institutes. 

My  review  of  the  laboratory's  activities  during  the  past  year  is  not  organized  by  Section  or  working 
group,  but  thematically.  This  approach  provides  the  reader  and  us  with  an  overview  of  the  laboratory 
that  emphasizes  the  continuity  in  research  interests,  a  continuity  which  exists  in  spite  of  the  broad 
span  of  areas  of  modern  biology  investigated  in  the  Laboratory  of  Cellular  and  Developmental 
Biology. 

MOLECULAR  MECHANISMS  OF  GENE  REGULATION 

Nucleosome  positioning  has  been  suggested  to  be  a  possible  mechanism  in  determining  the  function 
of  m-acting  elements  in  eukaryotic  cells.  Previously,  we  showed  that  movement  of  a  c/i-acting 
element  necessary  for  yeast  replication  origin  function  into  the  center  of  a  nucleosome  markedly 
diminished  its  accessibility  to  trans-acting  factors.  Similarly,  we  showed  that  a  yeast  repressor 
organized  positioned  nucleosomes  abutting  its  operator,  placing  the  TATA  box  in  the  center  of  the 
nucleosome,  and  suggested  that  this  might  be  the  mechanism  of  repression  of  the  a-cell  specific  genes 
which  are  repressed  by  the  alpha2  repressor  protein.  We  have  extended  our  investigations  which 
indicated  that  a  reporter  gene  linked  to  MFA2,  an  »-cell  specific  promoter,  was  active  in  certain 
amino  terminal  region  deletions  of  histone  H4.  Now  comprising  over  fifteen  strains,  the  series  of 
deletion  and  point  mutants  show  absolute  concordance  between  the  absence  of  a  precisely  positioned, 
stable  nucleosome  abutting  the  a2  operator  and  the  absence  of  full  repression  of  the  reporter  gene. 
We  conclude  that  the  mechanism  of  repression  of  «-cell  specific  genes  by  the  a2  repressor  is 
establishment  of  a  repressive  chromatin  structure  wherein  the  TATA  element  is  placed  in  an 
inaccessible  location,  in  the  center  of  a  positioned  nucleosome. 

We  have  also  examined  the  effects  of  chromatin  structure  on  transcription  of  tRNA  and  5S  RNA 
genes  by  POL  III.  We  previously  reported  that  deletions  in  the  5'  flanking  region  of  the  5S  RNA  gene 
reduce  in  vivo  synthesis  of  5S  RNA.  Similarly,  in  constructs  without  deletions,  moving  the  same 
region  into  a  positioned  nucleosome  also  reduces  transcription;  the  data  suggest  that  occlusion  of  the 
TFIIIB  binding  site  by  interactions  with  histones  in  a  nucleosome  negatively  affects  transcription. 
In  contrast,  moving  the  TFIIIA  binding  site  into  a  predicted  positioned  nucleosome  does  not  reduce 
transcription;  whether  a  ternary  TFIIIA-DNA-histone  complex  is  formed  or  whether  the  predicted 
nucleosome  is  absent  remains  to  be  established. 

Another  POL  III  gene,  that  for  tRNA,  behaves  differently  in  the  context  of  chromatin  structure. 
Fusion  of  a  tRNA  gene  to  nucleosome  positioning  signals  such  that  the  tRNA  start  site  and  essential 
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A  box  element  would  be  in  a  nucleosome  led  to  no  effect  on  transcription  of  the  tRNA  gene  in  vivo 
and  absence  of  the  predicted  nucleosome.  We  have  now  found  similar  results  for  constructs  which 
could  place  the  3'  B  box  of  a  tRNA  gene  in  a  nucleosome;  transcription  is  not  affected.  The 
suggestion  from  these  results  is  that  there  is  a  competition  in  the  cell  between  transcription  factors 
and  histones  —  for  POL  in  factors  and  tRNA  genes,  transcription  wins  but  for  POL  III  and  5S  RNA 
or  POL  II,  positioned  nucleosomes  can  abolish  transcription.  It  is  possible  that  abundance  of 
transcription  factors  may  play  a  role  in  these  differences. 

The  supposed  mechanism  for  repression  of  a-cell  specific  genes  by  the  a2  repressor,  a  repressive 
chromatin  structure,  raises  the  question  of  whether  other  repressors  might  function  in  a  similar 
fashion.  Like  the  q2  repressor,  the  engrailed  protein  of  Drosophila  represses  transcription  of  several 
genes.  Both  these  proteins  are  homeodomain  proteins  and  they  have  essentially  identical  interactions 
with  DNA.  To  test  the  possibility  that  engrailed  also  positions  nucleosomes  over  prot'ot<irs,  the 
MFA2  gene  of  yeast,  controlled  by  q2,  was  replaced  with  a  MFA2-lacZ  fusion  containing  an 
engrailed  binding  site  in  place  of  the  a2  operator.  Placing  an  engrailed  gene,  under  galactose  control, 
in  this  strain  should  allow  a  direct  examination  of  the  hypothesis. 

Protein  DNA  interactions  at  the  al  operator  (and  other  specific  loci)  in  vivo  are  of  high  interest  in 
terms  of  understanding  all  the  factors  that  interact  with  DNA  and  for  comparison  with  structures 
deduced  from  in  vitro  reassembly  using  purified  components.  As  one  example  of  the  problems  faced 
in  such  studies,  we  have  been  unable  previously  to  obtain  a  DNase  I  footprint  of  the  a2  repressor 
bound  to  its  operator  due  to  the  very  short  half  life  (<5  min)  of  the  repressor.  We  have  now 
overcome  this  problem  by  use  of  a  plasmid  to  overexpress  the  a2  protein  in  a  background  of  a 
deficiency  in  the  ubiquitin  mediated  protein  degradation  pathway.  Mapping  of  the  al  operator  of 
the  genomic  STE6  gene  shows  DNase  I  protection  over  a  broader  range  than  that  found  in  in  vitro 
complexes  of  al  and  MCMl  with  naked  DNA.  Cutting  sites  within  the  operator  are  very  different 
for  a  and  a  cells. 

We  have  tried  two  additional  approaches  to  determination  of  protein  DNA  interactions  in  living  cells. 
In  the  first,  we  tried  to  express  DNase  I  under  control  of  a  galactose  promoter  in  yeast.  Expression 
of  wild  type  DNase  I  did  not  lead  to  cutting  of  plasmid  DNA.  When  present  on  multicopy  plasmids, 
addition  of  the  SV40  signal  sequence  to  target  the  gene  product  to  the  nucleus  is  apparently  lethal; 
the  only  transformants  recovered  had  rearrangements  which  deleted  or  truncated  the  nuclease  gene. 
The  construct  was  not  lethal  when  on  a  centromere  containing,  single  copy  plasmid,  however,  little 
cutting  of  plasmid  DNA  was  detected.  There  seems  to  be  a  delicate  balance  between  cutting  activity 
that  can  be  compensated  for  by  endogenous  ligase  and  cutting  activity  that  kills  the  cell. 

The  second  approach  uses  another  enzyme  to  probe  chromatin  structure.  Others  have  previously 
utilized  prokaryotic  dam  methyl  transferase  to  modify  DNA  in  5.  cerevisiae.  We  have  carried  out 
a  systematic  investigation  of  the  accessibility  of  DNA  to  the  methylase.  We  constructed  a  derivative 
of  the  well  characterized  TALS  plasmid  containing  eight  GATC  sites  —  one  in  a  hypersensitive 
region,  one  in  a  linker,  and  six  placed  at  various  locations  within  a  positioned  nucleosome  abutting 
the  al  operator.  A  novel  quantitative  slot  blot  assay  was  developed  to  measure  the  extent  of 
methylation  at  each  site.  The  linker  region  is  accessible  in  either  •  or  a  cells.  The  level  of  dam 
accessibility  declines  markedly  in  a  cells  28-48  bp  from  the  edge  of  the  nucleosome  and  sites  near 
the  pseudodyad  of  the  core  particle  are  completely  refractory  to  even  hemimethylation  in  a  cells. 
These  same  sites  are  frequently  dimethylated  in  a  cells,  where  the  al  repressor  is  absent  as  is  the 
positioned  nucleosome.  The  GATC  sequence  in  the  ARSl  origin  of  replication  is  methylated  in  about 
half  of  the  minichromosomes.  Although  this  is  a  nuclease  hypersensitive  region,  it  is  apparent  that 
other  proteins,  besides  histones,  can  prevent  access  of  the  methylase  to  DNA;  presumably,  in  this  case 
it  is  the  recently  identified  origin  recognition  complex.  These  results  are  of  importance  in 
establishing  a  benchmark  for  use  of  this  powerful  approach  to  study  of  chromatin  structure  in  vivo. 

Other  studies  in  the  laboratory  address  directly  the  role  of  m-acting  DNA  elements  and  trans-acting 
factors  in  regulation  of  gene  expression.  The  most  studied  system  in  this  context  is  the  heat  shock 
gene  HSP82,  a  gene  whose  expression  is  also  induced  during  meiosis.  Experiments  in  the  last  year, 
using  a  single  copy  HSP82-lacZ  fusion  integrated  into  the  genomic  HSP82  locus,  have  defined  the 
DNA  sequences  required  for  meiotic  induction  of  the  gene.   Position  of  the  gene  does  not  seem  to 


U 


effect  its  expression  as  similar  levels  of  basal  and  induced  expression  are  observed  when  the  reporter 
construct  is  located  near  a  telomere  (HSP82  locus)  or  near  a  centromere  (LEU2  locus).  Experiments 
comparing  diploids  and  haploids,  as  well  as  those  using  imel  (inducer  of  meiosis)  null  strains 
demonstrate  that  induction  of  HSP82  expression  is  a  programmed  developmental  response. 

A  250  bp  segment  of  the  5'  flanking  sequence  including  the  TATA  box  and  a  heatshock  element 
(HSE)  allow  sporulation  induction  of  transcription  of  a  re|X>rter  gene.  Point  mutations  in  either 
element  decrease  both  basal  and  sporulation  induced  expression;  the  specificity  and  relative 
magnitude  of  induction  on  sporulation  are  unchanged  in  these  mutants.  A  forty  bp  region  between 
the  TATA  box  and  HSE  appears  to  contain  a  repressor  element.  Mutations  in  this  region  lead  to  a 
two-  to  fourfold  elevation  in  basal  expression  in  both  haploids  and  diploids;  sporulation  induced 
expression  is  manifest  in  diploids  with  such  mutations.  A  CNA  motif  with  high  homology  to  a 
repressor  element  found  in  a  number  of  meiotic  genes  as  well  as  in  several  general  metabolism  genes 
is  present  in  this  region.  Dissection  of  the  m-acting  elements  important  for  the  sporulation 
expression  of  the  HSP82  gene  will  continue  as  a  prelude  to  the  search  for  the  /rons-acting  factors  that 
mediate  this  response. 

A  number  of  mammalian  genes  whose  expression  is  developmentally  regulated  are  under  investigation 
in  the  laboratory.  One  of  these  is  the  human  epsilon  globin  gene,  the  earliest  expressed  of  the  genes 
in  the  beta-like  globin  gene  cluster.  Using  DNase  I  footprinting  and  gel  mobility  shift  assays,  we 
have  previously  located  binding  sites  for  general  and  erythroid  specific  factors  in  the  promoter  of 
the  epsilon  globin  gene.  Similar  studies  with  the  beta  globin  locus  control  region  (LCR)  enhancer 
have  identified  binding  sites  for  previously  known  factors  as  well  as  an  uncharacterized  factor,  which 
we  call  epsilon  1,  and  which  binds  at  the  promoter  as  well. 

We  have  used  clustered  point  mutations  in  globin  gene  regulatory  elements  fused  to  a  CAT  reporter 
gene  to  study  the  functional  importance  of  the  protein  binding  sites  in  the  e  globin  promoter  and  in 
erythroid  specific  enhancers.  Our  previous  studies  identified  a  GATA-1  site  in  the  t  globin  gene 
promoter  (position  -165)  that  was  required  for  response  of  the  promoter  to  two  erythroid  sp>ecific 
enhancers,  the  human  LCR  HS  II  enhancer,  and  the  chicken  p/i  globin  3'  enhancer.  However, 
GATA-1  sites  in  the  enhancers  were  not  required.  The  enhancers  depended  instead  on  AP-l/NF- 
E2  sites  to  effect  transcription  from  this  promoter.  These  results  provide  the  best  evidence  to  date 
that  GATA-1  and  AP-1/NF-E2  may  interact  with  each  other,  either  directly  or  indirectly.  Thus, 
as  few  as  two  transcription  factors,  interacting  through  two  sites  on  the  DNA,  may  be  required  to 
establish  enhanced  transcription  in  vivo. 

Expression  studies  suggested  that  in  the  absence  of  an  enhancer  GATA-1  did  not  act  as  a 
transcription  factor  for  the  f  globin  gene.  Since  expression  in  vivo  was  low  in  the  absence  of  the 
enhancer,  we  used  in  vitro  transcription  of  the  templates  constructed  for  expression  studies  to  further 
explore  this  question.  Abundant  transcription  was  directed  by  the  naked  DNA  templates  in  erythroid 
as  well  as  non-erythroid  cell  extracts.  This  presumably  reflects  the  lack  of  tissue  specific  repression 
of  naked  DNA  templates.  The  presence  of  the  enhancer  did  not  further  increase  transcription. 
Under  these  conditions,  abolition  of  the  -165  GATA-1  site  in  the  promoter  did  not  diminish 
transcription.  Therefore,  GATA-1  binding  at  this  site  serves  to  mediate  interaction  of  the  promoter 
with  the  enhancer  and  is  not  involved  in  promoter  dependent  transcription. 

We  used  inhibition  by  oligonucleotides  containing  transcription  factor  binding  sites  to  further  study 
the  requirements  for  in  vitro  transcription.  GATA-1  was  not  required  for  transcription  under  these 
conditions.  Sequestration  of  factors  binding  to  the  CACCC,  CCAAT  and  TATA  motifs  by 
oligonucleotides  containing  these  sequences  severely  inhibited  transcription  from  the  canonical  cap 
site  of  the  e  globin  gene,  although  transcripts  arising  from  alternate  initiation  sites  in  vector  sequences 
were  observed.  Although  AP-1  and  Sp-1  can  bind  at  these  sequences  in  the  «  globin  gene,  both 
addition  and  subtraction  studies  indicated  that  these  factors  are  not  involved  in  transcription  of  this 
gene  promoter  on  naked  DNA. 

We  have  designed  an  episomal  vector  system  which  has  potential  to  reveal  much  about  the 
environment  of  the  gene  in  chromatin  in  different  transcriptional  states.  The  vector  is  based  on  an 
EBV  origin  of  replication,  and  contains  the  EBV  nuclear  antigen  (EBNA-1)  as  well  as  a  5kb  segment 
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containing  the  chromosomal  e  globin  gene  marked  by  a  two  base  pair  mutation  in  the  S'  non-coding 
region.  The  mutation  produces  a  new  restriction  enzyme  site.  Clones  of  K562  cells  and  HeLa  cells 
have  been  obtained  following  electroporation,  that  stably  maintain  2-150  copies  of  the  episome  per 
cell.  Eight  K562  clones,  and  six  HeLa  clones  were  selected  for  further  study.  RNA  was  transcribed 
only  from  the  genomic  copy  of  the  e  globin  gene;  no  transcription  from  the  minichromosomal  gene 
was  detected  in  either  K562  or  HeLa  clones.  This  vector  is  "neutral"  for  expression  of  the  e  globin 
gene. 

The  minichromosome  was  assembled  into  nucleosomes  in  the  region  of  the  e  globin  gene  insertion. 
This  suggests  that  the  gene  may  require  its  own  enhancer  to  be  expressed  even  in  an  erythroid 
environment;  the  simple  availability  of  the  erythroid  transcription  factors  was  insufficient  to  allow 
transcription.  New  minichromosomes  containing  either  a  /iLCR  fusion,  or  the  LCR  HS  II  enhancer 
fragment  will  be  used  to  test  the  effect  of  these  additional  sequences  on  transcription  of  the 
minichromosomes  and  on  chromatin  structure  in  the  region  of  the  c  globin  gene. 

Genes  encoding  the  proteins  which  form  the  zona  pellucida  that  surrounds  growing  oocytes,  functions 
as  primary  and  secondary  sperm  receptors  and  protects  the  preimplantation  embryo  are  tissue  specific 
and  developmentally  regulated.  Two  of  these  three  genes,  ZP2  and  ZP3,  have  been  cloned  and 
studied  in  this  laboratory  from  both  human  and  murine  sources.  Putative  regulatory  m-acting 
sequences  have  been  shown  to  be  conserved  for  both  genes  in  both  species  and  necessary  for  the 
developmentally  regulated  expression  of  the  zona  genes.  A  12  bp  DNA  motif  about  200  bp  upstream 
of  the  start  site  for  transcription  is  necessary  and  sufficient  for  transcription  of  reporter  genes 
microinjected  into  growing  mouse  oocytes. 

In  gel  mobility  shift  assays,  we  have  identified  a  putative  transcription  factor  (ZAP-1)  that  binds  to 
this  DNA  motif.  Mutation  of  the  binding  site  in  the  promoter  of  mouse  Zp-2,  mouse  Zp-3  or  human 
ZP2  dramatically  affects  promoter  activity  in  reporter  gene  constructs  microinjected  into  growing 
mouse  oocytes.  We  presume  that  binding  of  ZAP-1  plays  a  role  in  the  coordinate  and  oocyte  specific 
expression  of  the  zona  genes.  The  ZAP  DNA  complex  is  present  only  in  growing  oocytes  and  its 
appearance  parallels  that  of  ZP2  and  ZP3  transcripts.  The  complex  is  detected  in  mouse,  rat  and 
human  ovaries;  it  is  not  present  in  Xenopus  oocytes  (which  do  not  have  a  zona  pellucida).  A 
concatenated  oligonucleotide  containing  the  binding  site  of  ZAP-1  has  been  used  to  screen  a  Agtl  1 
expression  library.   Nine  positive  clones  have  been  identified  and  are  currently  being  evaluated. 

CELL  BIOLOGY  OF  DEVELOPING  SYSTEMS 

While  certain  aspects  of  LCDB  research  also  concern  molecular  levels  of  gene  regulation,  they  are 
more  focussed  on  the  organismic  aspects  of  development  as  a  long  term  goal  for  understanding.  In 
this  area,  studies  of  the  development  of  Dictyostelium  and  studies  of  organ  development,  particularly 
gonadogenesis  in  the  mouse,  are  examples  of  our  research. 

Mouse  gestation  is  complete  20  days  after  fertilization.  The  primordial  germ  cells,  first  identified 
7.5  days  post-coitum  (dpc),  complete  a  migration  from  the  allantois  to  the  genital  ridges  by  12.5  dpc. 
The  expression  of  the  Sry  gene  (testis  determining  factor  on  the  Y  chromosome)  in  support  cells 
beginning  at  10.5  dpc  is  associated  with  the  differentiation  of  the  gonad  into  the  testis  by  12.5  dpc. 
In  XX  female  mice,  ovaries  can  be  detected  morphologically  by  13.5  dpc. 

A  subtractive  cloning  strategy  is  being  employed  to  identify  genes  that  are  either  causal  or  a  result 
of  the  differentiation  of  the  primitive  gonad  into  the  ovary.  Genital  ridges  from  10.5  to  12.5  dpc 
fetuses  were  isolated  by  dissection.  The  ridges  were  separated  into  male  and  female  pools  after  their 
sex  was  determined  by  PCR  using  oligonucleotides  specific  to  the  Sry  gene.  Poly(A)  RNA  was 
isolated  from  each  pool  and  1  n%  of  RNA  used  to  construct  separate  plasmid  based  cDNA  libraries. 
The  female  library  contained  1x10^  independent  clones  and  the  male  library  contained  4x10^. 
Clones  from  each  library  were  amplified  and  single  stranded  phagemids  from  the  male  library  were 
used  to  subtract  out  genes  common  to  the  male  and  female  gonads.  Investigations  are  underway  to 
identify  and  characterize  female  specific  clones.  This  strategy,  while  requiring  a  great  deal  of  work, 
is  a  rational  approach  to  study  of  genes  important  in  organogenesis;  study  of  the  reproductive  system 
has  the  virtue  that  mutations  in  genes  necessary  for  organ  formation  will  not  be  lethals,  as  they 
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would  for  most  other  organ  systems. 

Cyclic  AMP  is  an  important,  pleiotropic  effector  of  development  for  Dictyostelium,  serving  as  a 
paracrine  hormone.  Development  is  dependent  upon  signal  transduction  mediated  by  cell  surface, 
cAMP  receptor/G  protein  linkages.  Secreted  cAMP  acts  extracellularly  as  a  chemoattractant  and 
primary  signal  to  control  cell  motility,  aggregation  (multicellularity),  cytodifferentiation,  pattern 
formation  and  cell  type  specific  gene  expression.  We  have  previously  reported  the  isolation  of  four 
genes  for  distinct  cAMP  receptor  subtypes,  CARs  1,  2,  3  and  4.  These  genes  have  likely  diverged 
from  a  common  ancestor  and  comprise  an  entire  cAMP  receptor  family.  Each  gene  is  expressed  with 
distinct  temporal  and  spatial  patterns  during  the  Dictyostelium  developmental  cycle. 

The  different  cAMP  receptor  subtypes  are  expressed  sequentially  during  development  in  the  order 
CARl,  CAR3,  CAR2,  and  CAR4.  The  relative  affinities  of  the  various  subtypes  for  cAMP  vary  by 
-100  fold  with  that  for  CARl  >  CAR3  >  CAR2  >  CAR4.  During  development,  the  levels  of 
extracellular  cAMP  rise  100  fold,  suggesting  a  distinct  role  for  each  subtype  as  cAMP  levels  change. 
Disruption  of  each  gene  by  homologous  recombination  has  now  been  carried  out  to  address  the 
contribution  of  the  individual  CARs  in  the  developmental  program.  The  major  stages  of 
Dictyostelium  development  are  cheraotaxis  and  cAMP  signal  relay,  aggregate  formation,  formation 
of  tipped  structures  as  differentiated  cells  sort  from  one  another,  elongation  to  form  a  migrating  slug 
of  defined  cell  patterns  and,  finally,  culmination  and  terminal  differentiation.  Each  gene  disruption 
yields  a  unique  developmental  phenotype  which  correlates  closely  with  its  temporal  and  spatial 
pattern  of  expression  and  affinity  for  cAMP.  CARl  null  cells  fail  to  chemotax  and  aggregate;  CAR3 
nulls  are  affected  in  their  multicellular  structures;  CAR2  nulls  cannot  form  a  tip  and  sort 
differentiated  cell  types;  CAR4  nulls  have  defects  in  pattern  formation  and  late  developmental  events. 

Surprisingly,  all  of  the  known  responses  of  cells  to  cAMP  cannot  be  explained  simply  by  cAMP 
receptor  subtypes  1  -4.  cAMP  regulated  gene  expression  is  still  observed  in  the  receptor  mutant  cells. 
Yet,  extensive  DNA  blot  hybridization,  cDNA  and  genomic  library  screening,  PCR  analysis,  etc. 
indicate  that  CARs  1-4  comprise  an  entire  gene  family.  Several  genes  which  are  related,  albeit  very 
distantly,  to  the  known  CAR  genes  have  now  been  isolated.  These  new  genes  are  likely  to  represent 
a  distinct  class  of  receptors  that  may  also  bind  cAMP. 

Characterization  of  the  promoter  regions  for  each  of  the  cAMP  receptor  genes  has  been  a  major 
effort.  Initial  efforts  have  concentrated  on  the  promoters  of  CARl  and  CARS.  CARl  uses  two 
promoters  that  are  active  at  different  developmental  stages  and  that  are  differentially  sensitive  to 
extracellular  cAMP  stimulation.  The  early  promoter  is  active  during  chemotaxis  and  its  expression 
is  induced  by  nM  pulses  of  cAMP,  whereas  the  late  promoter  is  active  at  multicellular  aggregation 
in  response  to  higher,  sustained  concentrations  of  cAMP,  a  condition  that  represses  the  early 
promoter.  In  addition,  the  CARl  early  promoter  possesses  a  negative  element  that  blocks  expression 
in  growing  cells.  Deletion  analyses  have  localized  the  regulatory  regions  within  several  hundred 
nucleotides.  For  CAR3  we  have  defined  two  separate  elements  within  80nt  that  are  required  for 
developmental  regulation.  Deletion  of  either  completely  blocks  regulated  expression  of  CAR3.  Each 
promoter  has  been  fused  to  the  E.  coli  gene  lacZ  to  examine  receptor  promotor  activity  in  distinct 
cell  types  throughout  the  developmental  cycle. 

Many  proteins  involved  in  the  regulation  of  eukaryotic  transcription  possess  common  structural 
features.  Two  of  these  domains,  zinc  fingers  and  leucine  zippers,  are  present  in  a  putative  protein, 
ZnZ,  whose  gene  has  been  identified  in  Dictyostelium.  As  an  initial  step  in  determination  of  the  role 
of  the  ZnZ  protein,  we  have  disrupted  its  gene.  In  the  mutant  cells,  the  first  half  of  development 
appears  normal,  but,  as  the  slug  begins  to  form,  the  morphology  of  the  organism  is  progressively  more 
aberrant  and  culmination  is  severely  impaired.  This  suggests  a  critical  role  for  ZnZ  during  late 
development,  the  time  when  the  gene  is  maximally  expressed. 

LIPID  METABOLISM.  LIPASES  AND  GENETIC  DEFECTS  IN  BOTH 

A  connection  between  two  major  segments  of  the  laboratory,  those  studying  developmental  biology 
at  the  molecular  level  and  those  interested  in  lipid  metabolism,  has  been  made  in  the  past  few  years; 
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the  bridge  was  discovery  of  an  adipocyte  specific,  honnonally  responsive  protein,  perilipin,  and 
cloning  of  its  gene.  Although  the  surface  of  the  lipid  storage  droplet  in  adipocytes  is  the  site  of  both 
deposition  and  retrieval  of  stored  lipid,  little  if  anything  is  known  of  the  molecular  details  of 
reactions  which  occur  at  this  critical  juncture.  Perilipin  is  associated  with  the  lipid  storage  droplet. 
The  cDNA  for  one  form  of  perilipin  (perilipin  A;  57  kDa)  was  cloned  from  a  rat  cDNA  library. 
More  recently,  with  probes  based  on  the  cDNA  of  perilipin  A,  we  have  found  a  second  cDNA, 
termed  perilipin  B,  which  encodes  a  protein  of  46  kDa.  The  A  and  B  forms  of  perilipin  have  a 
common  amino  terminus,  but  differ  in  their  carboxyl  terminal  regions;  the  B  form  has  only  3  of  the 
6  consensus  A  kinase  phosphorylation  sites  found  in  the  A  form.  Both  forms  of  perilipin  appear  to 
arise  from  a  common  gene  by  alternate  splicing  of  mRNA  and  both  are  found  in  mature  rat 
adipocytes  at  the  surface  of  the  lipid  droplet.  Despite  their  resistance  to  solubilization  in  a  variety 
of  chaotropic  agents  and  detergents,  both  primary  and  secondary  structure  analysis  suggest  minimal 
to  modest  hydrophobic  composition.  Interestingly,  the  perilipins  appear  not  to  contain  regions  of 
strong  amphipathic  helicity  characteristic  of  other  lipid  binding  proteins,  such  as  the  apolipoproteins 
and  the  plant  lipid  droplet  proteins,  oleosins.  To  further  study  the  role  of  perilipin,  a  variety  of 
constructs  have  been  made  which  place  perilipin  in  the  sense  or  antisense  orientation  under  control 
of  promiscuous  or  hormone  controlled  promoters. 

Previously  we  found  that  biotin  deprivation  did  not  reduce  perilipin  synthesis  in  cultured  3T3-L1 
adipocytes,  indicating  that  protein  abundance  is  unrelated  to  lipid  mass.  However,  in  those  studies 
removal  of  biotin  from  the  culture  medium  merely  retarded  lipid  synthesis;  with  time  the  cells 
deprived  of  biotin  synthesized  nearly  as  much  lipid  as  did  control  cells.  In  the  biotin  deficient  cells 
perilipin  was  found  associated  with  many  minuscule  foci  of  lipid;  we  speculated  that  there  was  a 
relationship  between  perilipin  and  the  aggregate  lipid  droplet  surface  area.  Subsequently,  we  found 
that  both  biotin  removal  and  avidin  addition  were  necessary  to  block  lipid  synthesis  in  differentiating 
cells.  Under  such  conditions,  perilipin  synthesis  was  at  least  equal  to,  and  frequently  greater  than, 
that  in  control  cells.  These  results  indicate  that  lipid  synthesis  is  not  necessary  for  perilipin 
expression,  and  suggest  that  lipid  packaging  entities,  perhaps  the  precursors  to  lipid  storage  droplets, 
are  present  prior  to  lipid  synthesis. 

Since  perilipin  is  by  far  the  most  abundant  A  kinase  substrate  in  adipocytes  and  since  it  is 
phosphorylated  in  concert  with  the  lipolytic  reaction,  we  sp>eculated  that  the  protein  is  an  integral 
part  of  the  lipolytic  response  mechanism,  i.e.,  the  lipid  droplet  surface  is  not  a  passive  participant 
in  lipolysis.  Evidence  for  a  change  in  the  lipid  droplet  structure  was  obtained  upon  activation  of 
3T3-L1  adipocytes  with  the  hydrolysis  resistant  cAMP  analogs,  8-thiomethyl-  and  N®-benzoyl- 
cAMP.  Together  these  compounds  maintain  A  kinase  in  a  chronically  active  state.  Under  phase 
microscopy,  a  change  in  the  lipid  droplet  surface  was  evident  within  2-3  hours  after  analog  addition; 
droplet  disruption  was  maintained  for  several  days.  Within  3  to  6  hours  after  analog  withdrawal,  the 
lipid  droplets  returned  to  the  control  state.  Immunofluorescence  with  antibodies  to  perilipin  using 
confocal  microscopy,  revealed  a  massive  and  dramatic  alteration  in  the  lipid  droplet  following  analog 
activation.  Whereas  perilipin  appeared  as  a  uniform  and  compact  shell  around  lipid  droplets  in 
control  cells,  a  diffuse  distribution  of  the  protein  was  present  in  cAMP  analog  treated  cells. 
Modification  of  the  lipid  droplet  surface,  perhaps  to  render  the  lipid  accessible  to  the  lipase,  may  be 
an  important  element  of  the  lipolytic  response.  A  further  effect  of  cAMP  stimulation,  especially  in 
3T3-L1  adipocytes  cultured  in  media  supplemented  with  serum,  was  a  rapid  cessation  of  expression 
of  both  perilipin  and  hormone  sensitive  lipase.  These  data  suggest  that  lipolytic  stimulation  may  be 
self  limiting. 

Two  other  proteins  of  importance  in  lipid  metabolism  have  been  studied  in  this  laboratory  for  many 
years,  lipoprotein  lipase  (LPL)  and  hepatic  lipase  (HL).  Studies  have  been  carried  out  in  tissue 
culture  and  in  vivo  in  both  normal  mice  and  mice  with  cld/cld  combined  lipase  deficiency. 
Lipoprotein  lipase  is  necessary  for  hydrolysis  of  plasma  triacylglycerol.  The  lipase  is  synthesized  and 
secreted  by  parenchymal  cells  and  transported  to  the  luminal  surface  of  capillary  endothelium  where 
it  acts.  Active  LPL  is  a  dimer  of  identical  subunits  with  two  N-linked  oligosaccharide  chains  per 
subunit.  In  cultured  mouse  brown  adipocytes  and  3T3-L1  adipocytes,  production  of  active  LPL 
involves  synthesis  and  glycosylation  of  LPL  subunits  in  endoplasmic  reticulum  (ER),  trimming  of 
glucose  and  mannose  residues  from  oligosaccharide  chains  in  ER  and  Golgi,  addition  of  other  sugars 
to  the  chains  in  Golgi,  dimerization  of  subunits,  and  secretion  of  lipase  with  complex  type  chains. 
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We  have  utilized  chemical  inhibitors  and  the  genetic  lesion  in  eld /eld  mice  to  probe  the  relationship 
of  glycosylation  to  activity,  dimerization  and  secretion  of  LPL.  The  genetic  defect  in  cld/cld  mice 
is  a  recessive  mutation  on  chromosome  17  which  causes  severe  functional  deficiencies  of  LPL  and 
HL,  extreme  hyperlipemia,  and  death  within  3  days  in  newborn  mice.  The  structural  genes  for  LPL 
and  HL,  located  on  chromosomes  8  and  11  respectively,  are  normal  in  cld/cld  mice.  Brown 
adipocytes  cultured  from  cld/cld  mice  synthesized  normal  sized  LPL  which  was  glycosylated  and 
partially  processed,  but  the  lipase  was  inactive,  retained  in  ER,  and  present  as  aggregates  of  subunits. 
The  LPL  subunits  contained  endo  H-sensitive  oligosaccharide  chains. 

Our  earlier  studies  showed  that  blocking  glycosylation  of  LPL  with  tunicamycin  resulted  in  synthesis 
of  LPL  which  was  inactive  and  retained  in  ER.  Recently  we  found  that  the  unglycosylated  LPL 
subunits  in  tunicamycin  treated  adipocytes  were  present  as  aggregates.  Normal  processing  of 
oligosaccharide  chains  is  initiated  by  the  removal  of  the  outer  glucose  residue  by  the  action  of 
glucosidase  I  in  ER.  We  found  that  blocking  glucosidase  I  with  castanospermine  (CSTP)  resulted  in 
production  of  unprocessed  (endo  H-sensitive)  LPL  which  was  inactive,  undimerized,  and  retained 
in  ER.  The  intracellular  site  of  dimerization  of  LPL  is  not  known.  Studies  ebewhere  indicate  that 
dimerization  of  most  proteins  occurs  prior  to  their  exit  from  ER.  The  above  findings  suggest, 
however,  that  retention  in  ER  may  prevent  dimerization  of  LPL  subunits.  This  possibility  was 
explored  by  treating  cells  with  brefeldin  A  (BFA),  a  substance  which  can  redistribute  cis  and  medial 
Golgi  proteins  to  ER.  Treatment  with  BFA  for  2  h  resulted  in  formation  of  active  dimeric  LPL  in 
CSTP  blocked  and  cld/cld  adipocytes,  and  formation  of  inactive  dimeric  LPL  in  tunicamycin 
blocked  adipocytes.  The  laner  indicates  that  core  glycosylation  is  not  required  for  dimerization  of 
LPL  subunits.  Oligosaccharide  chains  of  LPL  subunits  in  CSTP  blocked  and  cld/cld  cells  were 
processed  to  partially  endo  H-resistant  forms  in  cells  treated  with  BFA.  The  findings  indicate  that 
dimerization  of  LPL  subunits  requires  some  component(s)  of  cis/medial  Golgi  or  the  intermediate 
compartment  between  ER  and  Golgi.  Thus,  dimerization  of  LPL  may  normally  occur  in  Golgi  or 
some  post  ER  organelle. 

Lack  of  dimerization  of  LPL  in  tunicamycin  treated  and  castanospermine  treated  cells  probably 
resulted  from  inability  of  the  ER  to  export  unglycosylated  and  fully  glycosylated  proteins.  The  LPL 
subunits  synthesized  in  cld/cld  adipocytes,  in  contrast,  were  glycosylated  and  processed.  Hence, 
retention  of  LPL  subunits  in  ER  in  such  cells  probably  resulted  from  a  direct  effect  of  the  eld 
mutation  on  transport  of  LPL  to  Golgi.  The  above  findings  demonstrate  that  glycosylation  and 
dimerization  of  LPL  subunits  are  both  required  for  activity  of  LPL.  Our  earlier  findings  with  1- 
deoxymannojirimycin,  an  inhibitor  of  Golgi  mannosidase  I,  showed  that  processing  of  LPL  subunits 
to  partial  endo  H-resistance  is  not  necessary  for  activity,  dimerization  or  secretion  of  LPL. 
The  effect  of  chemical  inhibitors  and  combined  lipase  deficiency  on  synthesis,  activity  and  secretion 
of  HL  and  LPL  were  studied  in  cultured  hepatocytes  from  1  day  old  mice.  Normal  hepatocytes 
synthesized  and  secreted  active  HL  and  LPL,  and  tunicamycin  and  CSTP  decreased  secretion  ot  both 
lipase  activities.  Secreted  HL  was  endo  H-resistant,  whereas  intracellular  HL  was  mostly  endo  H- 
sensitive.  Intracellular  LPL  was  also  mostly  endo  H-sensitive.  HL  and  LPL  activities  were  greatly 
decreased,  and  both  lipases  were  mostly  endo  H-sensitive  in  cultured  cld/cld  hepatocytes.  The  eld 
mutation  blocked  secretion  of  LPL,  but  not  HL,  in  hepatocytes;  the  mutation  affects  the  lipases  in 
different  ways. 

The  effects  of  cytokines  on  lipases  and  other  proteins  has  been  suggested  to  be  important  in  the 
cachexia  of  wasting  illnesses.  Previous  studies  in  this  laboratory  have  shown  that  both  IL-6  and  TNF 
inhibit  adipwgenesis  and  lipoprotein  lipase  activity  in  3T3-L1  cells,  and  that  TNF  also  induces  the 
production  of  IL-6.  We  have  examined  early  signalling  events  by  measuring  acute  protein 
phosphorylations  stimulated  by  these  two  cytokines  in  3T3-L1  adipocytes  to  determine  if  they  shared 
similar  signal  transduction  pathways.  Autoradiography  of  2  dimensional  gels  revealed  that  in  P- 
loaded  cells  both  cytokines  stimulated  the  phosphorylation  of  a  44  kDa  protein  (p44),  but  two  p84 
proteins  phosphorylated  in  response  to  TNF  appeared  to  be  different  from  a  p84  protein  phosphory- 
lated  in  the  presence  of  lL-6.  TNF,  but  not  IL-6,  stimulated  the  phosphorylation  of  p53.  Western 
blot  analysis  of  one  dimensional  gels  with  antiphosphotyrosine  antibodies  further  emphasized  the 
differences  between  the  cytokines.  Whereas  IL-6  increased  the  phosphotyrosine  content  of  p44,  p84, 
p94,  and  pi 30,  only  p44  was  affected  by  TNF.   Kinetic  studies  revealed  different  time  courses  for 
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the  phosphorylation  of  the  various  proteins,  with  peak  times  varying  between  1  and  15  min.  These 
results  suggest  that  TNF  and  IL-6  mediate  their  actions  by  different  signalling  pathways  and  that 
changes  in  protein  tyrosine  phosphorylations  may  be  important  in  the  actions  of  IL-6. 

The  location  of  hepatic  lipase  in  a  number  of  tissues  in  rat  has  been  defined.  Well  characterized 
antisera  against  rat  hepatic  lipase  from  three  different  laboratories  gave  similar  results.  Hepatic  lipase 
in  liver  was  localized  primarily  in  the  space  of  Disse,  associated  with  extracellular  matrix  at  basal 
surfaces  of  sinusoidal  epithelium  and  hepatocytes  and  at  surfaces  of  non-parenchymal  cells  and 
lipoprotein  sized  particles.  Hepatic  Lipase  was  also  present  in  the  walls  of  terminal  branches  of  hepatic 
artery  and  vein.  Little  hepatic  lipase  was  found  in  the  lumen  of  sinusoids  and  other  vessels.  Hepatic 
lipase  in  heart  was  most  prevalent  in  the  extracellular  matrix  around  capillaries  and  some  was  at  the 
surface  of  cardiac  myocytes.  A  striking  finding  was  the  presence  of  hepatic  lipase  in  aorta,  beneath 
the  endothelium  and  in  the  adventitia.  Immunoreactive  hepatic  lipase  was  absent  in  tissues  from  rats 
preinjected  with  heparin.  Hepatic  lipase  in  the  space  of  Disse  could  act  on  chylomicron  remnants 
prior  to  uptake  by  hepatocytes  whUe  lipase  in  subendothelial  space  could  act  on  lipoproteins 
transported  across  endothelium. 

In  addition  to  protein  translocation,  lipid  trafficking  is  an  important  feature  of  the  dynamics  of  cells. 
We  studied  cholesterol  accumulation  in  cells  using  filipin  as  a  probe  for  unesterified  cholesterol. 
Cytochemical  studies  on  cultured  normal  human  fibroblasts  and  those  derived  from  patients  with 
Nieman-Pick  Type  C  disease  showed  that  the  Golgi  plays  a  role  in  the  intracellular  trafficking  of 
LDL  derived  cholesterol.  Freeze  fracture  cytochemistry  showed  that  normal  cells  incubated  with  LDL 
accumulated  cholesterol  in  trans  Golgi  vacuoles  and  cis  Golgi,  suggesting  a  Golgi  mediated  transport 
route  for  cholesterol  to  the  plasma  membrane  and  to  the  endoplasmic  reticulum.  In  contrast  NP-C 
cells  accumulate  LDL  derived  cholesterol  in  trans  Golgi  cistemae  suggesting  that  sluggish 
mobilization  of  cholesterol  from  this  to  other  Golgi  compartments  may  be,  in  part,  responsible  for 
the  cholesterol  metabolic  lesion  present  in  the  mutant  cells.  We  have  recently  shown  with  fluorescence 
microscopy  that  normal  fibroblasts,  cultured  with  LDL  in  the  presence  of  progesterone,  accumulate 
cholesterol  in  perinuclear  lysosomes.  Progesterone  treated  cells  contain  higher  levels  of  unesterified 
cholesterol  and  lower  levels  of  cholesterol  ester  than  normal  cells  incubated  with  LDL  alone.  We  can 
reverse  the  lysosomal  cholesterol  lipidosis  produced  in  normal  cells  by  removal  of  LDL  from  the 
medium  and  washout  of  progesterone  from  the  cells.  The  cells  then  show  a  burst  of  cholesterol  ester 
formation  with  concomitant  decrease  in  unesterified  cholesterol  in  lysosomes.  This  progesterone 
related,  reversible  inhibition  of  lysosomal  cholesterol  trafficking  is  a  useful  experimental  means  of 
studying  intracellular  cholesterol  transport  in  normal  cells.  We  have  used  this  normal  cell  model  to 
show  that  monensin,  a  compound  that  inhibits  Golgi  membrane  traffic  to  the  plasma  membrane, 
secondarily  retards  cholesterol  release  from  loaded  lysosomes. 

Enzymology  snd  protein  structure 

Several  proteins  of  high  interest  in  their  own  right  or  as  models  for  fundamental  processes  in 
biochemistry  are  studied  in  the  laboratory.  Dihydrofolate  reductase  (DHFR)  is  the  target  enzyme  for 
antifolate  drugs  which  are  widely  used  in  treatment  of  neoplastic  and  autoimmune  diseases.  Chicken 
DHFR  has  long  been  known  to  be  activated  by  the  chaotropic  compound  urea.  Slight  activation  has 
been  observed  in  the  presence  of  guanidinium  salts;  this  is  likely  an  ionic  strength  effect  since  similar 
activation  is  observed  with  sodium  or  potassium  salts.  In  contrast,  greater  activation  by  the  chaotropic 
guanidinium  salts  than  by  potassium  salts  is  observed  for  recombinant  human  DHPH. 

An  important  series  of  steps  in  infection  by  HTV-l  are  the  proteolytic  cleavage  of  the  polyprotein 
translated  from  the  polycistronic  mRNA  by  HIV-1  protease  (PR).  A  new  series  of  investigations  in 
LCDB  addresses  aspects  of  the  activation,  dimerization,  mechanism  and  inhibition  of  this  important 
enzyme.  Like  other  aspartic  acid  proteases,  retroviral  PRs  possess  an  active  site  containing  two 
sequences  of  AspThrGly.  Cellular  aspartic  acid  proteases  are  monomers,  but  for  HIV-1  PR  a 
homodimer  formation  is  required  to  form  the  active  site.  This  feature  clearly  distinguishes  the  HIV 
PR  from  the  cellular  aspartic  acid  PRs,  and  can  be  used  to  design  specific  inhibitors  of  dimerization. 
The  initial  step  in  polyprotein  processing  is  presumed  to  be  the  folding  and  dimerization  of  the  Gag- 
Pol  polyprotein  to  form  the  first  active  PR.  Such  polyprotein  dimers  can  then  be  responsible  for  the 
release  of  the  "active  form"  of  the  PR  necessary  for  the  processing  of  the  Gag  and  the  Gag-Pol 
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polyproteins  to  produce  the  necessary  functioDal  proteins  for  viral  infectivity.  In  order  to  attempt 
studies  of  the  inhibition  of  the  PR  at  the  polyprotein  level,  we  have  developed  an  expression  system 
for  the  production  of  inactive  polyprotein  mimics  of  the  PR  primarily  to  study  the  detailed 
mechanism  of  the  activation  process.  The  structure-to-function  relationship  of  the  self-activation  of 
the  PR  was  analyzed  by  specific  mutational  analysis  at  the  cleavage  sites  of  the  PR. 

Wild-type  and  mutant  forms  of  the  HIV-1  PR  containing  flanking  Pol  region  sequences  were 
expressed  as  fusion  proteins  with  the  maltose-binding  protein  of  the  E.  coli  malE  gene.  The  full- 
length  fusion  protein  (FLFP  ■  MBP-APol-PR-APoP)  was  purified  using  amylose  affinity  and  size 
exclusion  columns  for  mechanistic  studies.  PR  is  highly  unstable  and  degrades  rapidly  in  solution. 
Based  on  an  extensive  analysis  of  different  buffer  systems,  we  have  defined  the  components  that  are 
critical  to  maintain  the  stability  of  the  PR  in  solution,  allowing  reliable  studies  on  the  kinetics  and 
dimerization  of  PR. 

Analysis  of  self-processing  of  PR  begins  with  a  basic  construct  consisting  of  the  maltose  binding 
protein  (MBP)  fused  to  the  HIV-1  PR  with  flanking  Pol  region  sequences  containing  the  native 
cleavage  sites.  The  chimaeric  protease  can  assemble  to  form  a  fully  active  dimer.  Fusion  proteins 
containing  mutations  at  positions  immediately  adjacent  to  the  N-  and  C-terminal  amino  acids  of  the 
wild-type  PR  were  constructed,  expressed  and  purified.  The  N-terminal  mutations,  Phe  ->  He  or 
Phe-Ala-Pro,  and  the  C-terminal  mutation  Pro  ->  He  resulted  in  loss  of  cleavage  at  the  mutated  sites 
and  reduced  cleavage  at  the  non-mutated  sites.  In  these  mutants,  after  the  primary  cleavage  at  one 
of  the  non-mutated  sites,  there  must  be  a  conformational  change  which  prevents  the  cleavage  at  the 
other  non-mutated  site.  The  parallels  to  the  recently  reported  conformational  change  in  HIV-1 
reverse  transcriptase  are  highly  interesting.  Ala  insertion  at  the  C-terminus  does  not  substantially 
interfere  with  the  assembly  of  active  enzyme  and  cleavage  at  both  termini.  In  contrast,  Ala  insertion 
at  both  ends  prevented  cleavage  at  both  ends.  Comparisons  of  the  processing  activity  between  clones 
suggested  that  an  insertion  mutation  at  the  C-terminal  site  is  tolerated,  provided  the  wild-type  site 
is  preserved  at  the  N-terminus.  These  results  indirectly  suggest  that  N-terminal  cleavage  precedes 
cleavage  at  the  C-terminus. 

For  kinetic  analysis  of  the  autoprocessing  reaction,  purified  FLFP  was  denatured  in  S  M  urea  and 
renatured  by  dilution.  The  renatured  fusion  protein  undergoes  time  dependent  autoprocessing  in 
parallel  with  the  appearance  of  HIV- 1  PR  activity.  The  time  course  of  the  reaction  was  monitored 
by  SDS-PAGE  and  staining  for  disappearance  of  the  FLFP,  appearance  of  the  MBP  and  by 
immunoblotting  to  quantitate  the  appearance  of  the  13.2  kDa  cleavage  intermediate  and  11  kDa 
mature  PR.  The  appearance  of  enzymatic  activity  clearly  conicides  with  appearance  of  the  MBP, 
disappearance  of  FLFP  and  the  sum  of  the  13.2  kE)a  cleavage  intermediate  which  corresponds  to  the 
PR-APol'  fusion  protein  and  1 1  kDa  PR.  This  reaction  was  determined  to  be  first-order  from  initial 
rate  measurements  of  the  appearance  of  enzymatic  activity  (kg^t  ■  0.044  ±  0.003  min"^),  and  the 
disappearance  of  the  full-length  fusion  protein  (k^^,  -  0.040  ±  0.003  min"^).  This  indicates  that  the 
FLFP  exists  mostly  as  a  dimer  under  these  conditions  and  that  activation  of  the  PR  from  the  fusion 
protein  occurs  through  an  intramolecular  cleavage  at  the  amino  terminus.  Both  the  HIV- 1  substrate 
and  pepstatin  A  inhibit  the  autoprocessing  reaction  indicating  that  the  substrate  binding  site  is  intact 
in  the  FLFP.  Pepstatin  A  inhibits  autoprocessing  with  K^  (0.21  nM)  that  is  at  least  fivefold  lower 
than  Ki  for  the  mature  PR.  The  non-covalent  dissociative  inhibitor  Ac-Thr-Leu-Asn-Phe-COOH 
of  the  mature  PR  at  a  concentration  of  1  mM  had  no  significant  effect  on  the  release  of  the  13.2  kE>a 
cleavage  intermediate  which  is  enzymatically  competent. 

Characterization  of  the  HIV-1  PR  has  been  facilitated  by  a  collaborative  study  with  the  Biotechnol- 
ogy Unit  of  LCDB;  the  scheme  enables  isolation  of  pure  PR  that  is  several  orders  of  magnitude  more 
active  than  that  from  any  currently  available  commercial  source.  This  has  enabled  us  to  conduct 
detailed  analysie  of  (i)  the  effect  of  salt  on  the  kinetic  parameters  of  retroviral  and  mammalian 
aspartic  acid  proteases  in  collaboration  with  LBC,  NIDDK.  and  (ii)  kinetic  and  modeling  studies  of 
S3-S3.  binding  sites  of  HIV  proteinases  in  collaboration  with  the  LMVC/ABL-BRI/NCI-FCRDC. 

The  three  zona  proteins  are  secreted  and  form  an  extracellular  matrix  surrounding  growing  oocytes. 
We  have  identified  antisense  oligonucleotides  which,  when  microinjected  into  growing  oocytes,  cause 
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the  specific  degradation  of  either  ZP2  or  ZP3  transcripts.  New  zona  protein  synthesis  of  the  targeted 
mRNA  is  abolished  but  the  incorporation  of  the  other  zona  proteins  into  the  extracellular  matrix  is 
unaffected.  Thus,  the  biosynthesis  and  secretion  of  the  zona  proteins  appear  to  be  independent  of 
each  other.  Efforts  are  now  underway  to  determine  if  heterologotis  human  zona  transcripts  can  be 
synthesized,  post-translationally  modified  and  integrated  into  the  preexisting  mouse  zona  pellucida. 
By  creating  the  appropriate  mutations  we  should  be  able  to  identify  domains  important  for  zona 
protein  interactions  in  the  zona  matrix. 

Barnase,  an  extracellular  ribonuclease  of  B.  amyloliquefaciens,  and  barstar,  its  intracellular  inhibitor, 
are  both  small  proteins  which  form  a  one  to  one  complex  and  undergo  two  state  physical  transitions. 
Barnase  has  become  the  system  of  choice  for  protein  folding  experiments;  a  recent  issue  of 
JMol.Biol.  had  1 3  articles  using  hamase  as  the  experimental  system.  The  bamase/barstar  complex 
seems  likely  to  become  the  paradigm  for  study  of  protein  protein  interactions  in  the  same  fashion  that 
barnase  is  for  folding.  Both  genes  have  been  cloned,  sequenced,  expressed  and  subjected  to  directed 
mutagenesis.  The  barnase  structure  has  been  refined  against  2.0  A  x-ray  data.  The  solution  (NMR) 
structure  of  barnase  has  been  solved  in  another  laboratory  and  agrees  well  with  the  crystal  structure. 
The  crystal  structure  of  the  bamase-barstar  complex  has  now  been  solved  in  Dr.  Yves  Mauguen's 
laboratory,  using  a  mutant  barstar  in  which  the  two  cysteines  have  been  replaced  by  alanines.  The 
structure,  which  is  currently  being  refined,  shows  a  barstar  made  up  primarily  of  four  helices  and 
a  small  three  stranded  fi  sheet,  with  one  of  the  helices  covering  the  active  site  of  barnase.  Solution 
of  the  NMR  structure  of  both  barstar  and  the  complex  is  well  along  in  several  laboratories. 

Three  methods  have  been  devised  for  measuring  parameters  of  the  barnase -barstar  reaction  for  wild 
type  and  mutant  proteins.  The  first  is  a  simple  titration  of  barnase  activity  by  barstar  and  yields 
absolute  dissociation  coefficients  for  pairs  with  such  coefficients  greater  than  10'^^  M.  The  second 
measures  the  (equilibrium)  binding  of  an  active  barnase  to  a  barstar  in  the  presence  of  a  competing 
inactive  barnase  and  yields  a  ratio  of  the  two  dissociation  coefficients.  The  third  measures  the 
absolute  off-rates  for  certain  barnase-barstar  pairs.  If  the  on  rates  are  assumed  to  be  equal  (e.g. 
diffusion  limited)  the  second  two  methods  should,  and  do,  give  the  same  dissociation  coefficient 
ratios.  By  combining  these  methods  on  several  different  pairs,  it  has  been  possible  to  estimate  the 
dissociation  coefficient  of  the  wild  type  pair  at  about  1  x  10"^^.  We  have  also  been  able  to  compare 
the  contributions  to  the  binding  specificity  of  Arg  59  and  His  102  of  barnase  and  the  disulfide 
bond  of  barstar. 

A  new  barnase  plasmid  vector  has  been  devised,  in  which  control  of  the  gene  is  tight  enough  to  allow 
us  to  carry  wild  type  or  active  mutant  barnase  genes  without  expression  of  barstar  and  to  carry  active 
mutants  which  are  not  inhibited  by  barstar.  In  the  normal  (off)  state  of  this  vector  a  gene  for  the 
lambda  antitermination  (N)  protein  and  the  barnase  gene  are  read  backwards  from  a  tac-lac  promoter 
to  produce  antisense  RNA  which  counters  any  adventitious  reading  of  barnase  in  the  other  direc- 
tion. The  barnase  gene  is  further  inhibited  by  a  5'  transcription  terminator.  With  the  two  genes 
flanked  by  lambda  o/rP  and  aliB  sequences,  a  heat  shock  turns  on  the  host's  int  function  and  inverts 
them,  turning  on  the  N  protein  gene  which  in  turn  allows  transcription  of  the  barnase  gene.  The  first 
uses  of  this  system  have  been  to  detect  low  levels  of  activity  (by  their  lethal  effect  on  reversal)  of 
mutants  which  were  too  unstable  to  produce  detectable  activity  otherwise  and  to  show  that  certain 
mutations  produced  barnases  that  were  lethal  because  they  were  active  but  not  inhibited  by  barstar. 
We  think  the  system  caii  now  be  used  for  direct  selection  of  secondary  mutations  in  either  barnase 
or  barstar  that  compensate  primary  mutations  which  interfere  with  inhibition.  We  can  thus  explore 
the  interface  between  the  two  proteins  as  well  as  asking  direct  questions  about  protein  protein 
interactions  by  finding  compensatory  mutants  that  suppress  mutations  that  disrupted  barnase  barstar 
complex  formation. 

We  have  continued  to  distribute  the  model  substrates  for  higher  order  chromatin  structure  that 
contain  tandemly  repeated  nucleosome  positioning  DNA  sequences  to  other  laboratories;  these 
molecules  are  currently  in  use  in  over  a  dozen  other  sites.  Dr.  Timothy  Richmond  at  the  ETH  in 
Zurich,  Switzerland,  has  nearly  completed  the  determination  of  a  high  resolution  X-ray  crystal 
structure  of  the  core  particle  of  the  nucleosome,  using  a  unique  DNA  fragment  based  on  the  5S  rRNA 
positioning  signal  and  constructed  in  this  laboratory  in  a  collaborative  effort. 
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Certain  aspects  of  research  done  in  the  laboratory  have  actuai  or  potential  applications  in  the  clinic 
or  field.  Barnase  and  barstar  have  been  used  by  others  to  create  male  sterile  plants  and  to  reverse  the 
sterility  by  expression  of  the  inhibitor.  This  advance  should  have  a  major  impact  on  the  crop  seed 
business;  it  may  well  be  the  most  significant  application  of  genetic  engineering  to  agriculture  thus 
far. 

Knowledge  of  the  molecular  biology  of  the  zona  pellucida  protein  genes  has  allowed  laboratory 
members  to  devise  a  logical  approach  to  immunocontraception.  A  ZP3  peptide  (amino  acids  328- 
343)  contains  a  B-cell  epitope  that  when  coupled  to  KLH  is  capable  of  eliciting  antizona  antibodies 
that  prevent  fertilization.  The  peptide  also  contains  a  T-cell  epitope  which  in  some,  but  not  all, 
inbred  strains  of  mice  elicits  autoimmune  o<  phoritis.  The  T-cell  (amino  acids  330-337)  and  B-cell 
(amino  acids  336-342)  epitopes  partially  overlap.  When  amino  acids  328-335  of  the  T-cell  epitope 
are  replaced  with  alanine  residues,  the  ZP3  peptide  no  longer  elicits  autoimmune  oophoritis  even  in 
susceptible  strains  of  mice.  This  modified  peptide  (coupled  to  KLH  to  provide  T-cell  helper 
function)  elicited  sufficient  antizona  antibody  to  coat  the  endogenous  zonae  pellucidae  in  3  out  of 
18  vaccinated  animals.  Thus,  while  it  appears  that  the  disease  causing  epitope  can  be  separated  from 
the  antibody  provoking  epitope,  additional  investigations  will  be  required  to  enhance  the  antizona 
antibody  titers  in  all  members  of  a  population. 

The  Biotechnology  Unit  of  the  laboratory  is  a  research  and  development  facility  in  addition  to 
providing  fermentation  and  processing  services  for  all  of  the  NIH  community.  During  the  past  year, 
the  unit  performed  212  large  scale  preparations  including  growth  of  microorganisms  in  volumes  up 
to  300  liters  and  eukaryotic  cells  in  volumes  up  to  50  liters.  Gram  quantities  of  a  recombinant, 
modified  P.  aeruginosa  exotoxin  A  were  purified  from  cultures  expressing  the  mutant  gene.  More 
than  20  grams  of  S  antigen  was  purified  from  bovine  retina  for  use  in  clinical  trials  using  oral 
tolerance  as  an  approach  to  autoimmune  retinitis.  In  an  effort  to  improve  the  efficiency  of 
eukaryotic  expression  systems,  a  continuous  perfusion  process  was  developed  that  allowed  a  fivefold 
increase  in  density  of  HeLa  cell  cultures;  vaccinia  virus  infection  and  expression  of  recombinant 
genes  were  equally  efficient  at  either  cell  density. 

This  overview  of  the  work  of  the  Laboratory  of  Cellular  and  Developmental  Biology  is  a  brief 
summary  of  the  studies  carried  out  in  the  past  year  by  talented  and  productive  scientists.  We  hope 
that  the  connectiveness  of  our  science  and  its  diversity  leads  the  reader  to  a  sense  of  the  excitement 
we  feel  in  our  daily  interactions  as  we  move  forward  in  understanding  of  the  most  interesting  aspects 
of  cellular  and  molecular  biology  in  a  very  exciting  time  for  modern  biology. 
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Two  proteins,  barnase,  the  extracellular  ribonuclease  of  Bacillus  amvloliauefaciens.  and  barstar, 
its  intracellular  inhibitor,  are  used  as  a  model  system  for  the  study  of  protein  folding  and  protein-protein 
interactions.  Barnase  is  one  of  an  homologous  group  of  ribonucleases  occurring  in  both  prokaryotes  and 
eukaryotes. 

Recombinant  DNA  techniques  are  being  applied  with  three  major  aims:  (1)  to  facilitate 
production  of  wild  type  and  mutant  proteins;  (2)  to  examine  the  structural  and  control  sequences  of  the 
genes;  and  (3)  to  make  specific  changes  in  the  sequences  to  test  theories  of  folding  and  probe  the  bamase- 
barstar  interaction. 

The  lethal  effect  of  the  cloned  wild  type  barnase  gene  can  be  repressed  by  expression  of  the 
barstar  gene  on  the  same  plasmid.  £.  coli  plasmid  vectors  have  been  devised  for  both  proteins  and  both 
can  now  be  obtained  essentially  pure  in  100  mg  quantities.  DNA  and  amino  acid  sequences  and  x-ray 
structures  of  both  are  known  as  well  as  the  NMR  solution  structure  of  barnase.  A  synthetic  fluorescent 
substrate  has  been  used  to  study  hydrolysis  kinetics  and  to  look  at  the  kinetics  and  stability  of  the 
barnase -barstar  interaction  for  native  and  mutant  proteins.  Close  to  a  hundred  directed  mutations  in  each 
protein  have  been  produced.  Some  of  these  were  aimed  at  specific  questions  but  most  are  part  of  a 
survey  of  the  protein  surfaces  designed  to  locate  their  areas  of  interaction  and  residues  on  both  have  been 
identified  as  being  so  involved.  The  two  Cys  residues  of  barstar  can  both  be  replaced  by  Ala  without 
loss  of  activity  (in  vitro  or  in  vivo,  but  with  some  reduction  in  the  strength  of  the  bond)  or  yield  will 
greatly  simplify  future  studies  of  barstar  folding.  Such  replacement  of  either  or  both  of  the  Cys  residues 
reduces  the  stability  of  barstar  only  to  that  of  the  wild-type  measured  in  the  presence  of  mercaptoethanol 
or  DTT.  Several  methods  have  been  developed  for  measuring  the  relative  and  absolute  strength  of  the 
bond  between  barnase  and  barstar  for  various  combinations  of  wild-type  and  mutant  proteins.  For  the 
wild-type  proteins  the  dissociation  coefficient  is  on  the  order  of  10  to  the  -13. 

Recent  work,  elsewhere,  in  which  the  barnase  gene  was  attached  to  a  eukaryotic  promoter  in 
order  to  kill  the  tissue  in  which  that  promoter  is  expressed  (in  the  first  instance  to  produce  male  sterility 
in  plants)  has  aroused  considerable  interest  in  its  possible  use  in  developmental  studies  and  is  the  key  to 
a  variety  of  anti-viral  strategies. 
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This  project  continues  to  focus  on  dihydrofolate  reductase,  a  critical  enzyme  in  the  metabolism 
of  the  B-vitamin,  folic  acid.  The  maintenance  of  folic  acid  at  the  tetrahydro-level  by  dihydrofolate 
reductase  is  critical  to  cellular  survival.  Antifolate  drugs  which  target  dihydrofolate  reductase  continue 
to  be  widely  used  in  the  treatment  of  cancer,  rheumatoid  arthritis,  and  an  increasing  number  of 
autoimmune  diseases. 

All  vertebrate  dihydrofolate  reductases  examined  to  date  have  the  unique  ability  to  have  their 
catalytic  activity  significantly  stimulated  when  treated  with  certain  agents  known  to  perturb  the  tertiary 
structure  of  proteins.  Chicken  liver  (ckDHFR)  dihydrofolate  reductase  shows  a  fivefold  to  sixfold 
increase  in  activity  when  assayed  in  the  presence  of  about  5  M  urea.  Guanidinium  (Gdn)  salts  are  among 
the  most  interesting  protein  perturbants  because  of  the  strong  denaturing  activity  usually  associated  with 
the  Gdn  ion.  However,  ckDHFR  shows  only  minimal  activation  with  relatively  low  concentrations  of 
GdnHCl,  i.e.,  approximately  twofold  at  0.2  M.  Higher  concentrations  of  GdnHCl  results  in  rapid 
denaturation  and  loss  in  activity.  Since  this  increase  in  activity  is  in  the  same  range  as  observed  in  the 
presence  of  corresponding  concentrations  of  Na  or  KCl,  it  is  concluded  that  this  stimulation  is  due  to 
ionic  or  salt  effects,  rather  than  the  well  known  chaetropic  properties  of  Gdn  compounds.  However,  the 
Gdn  moiety  is  affecting  the  protein  since  equivalent  or  higher  concentrations  of  salts  do  not  cause  similar 
denaturation  despite  corresponding  activations.  On  the  other  hand,  the  recombinant  human  DHFR 
(rhDHFR)  does  appear  to  exhibit  an  activation  in  response  to  Gdn  HCl .  At  0.6  M  GdnHCl ,  the  rhDHFR 
shows  about  a  40%  higher  activation  than  the  maximum  activation  observed  with  KCl.  Similarly,  the 
sheep  liver  DHFH  exhibits  a  significantly  higher  activation  with  0.65  M  GdnHCl  than  activation  induced 
by  ionic  strength.  Additional  studies  with  the  thiocyanate,  acetate,  and  sulfate  Gdn  salts  revealed  similar 
activations  with  the  thiocyanate  and  acetate  salts.  However,  GdnS0(4)  was  found  to  be  a  potent  inhibitor 
of  all  of  the  DHFRs.  Similar  results  were  obtained  with  NaSO(4).  The  significance  of  these  results  are 
being  interpreted  in  terms  of  the  activating  properties  of  urea  and  the  known  preferential  interactions 
of  proteins  with  the  guanidinium  ion  and  salts  as  well  as  recent  results  from  x-ray  studies  on  an  activated 
ckDHFR.  Studies  continue  to  focus  on  beta-carotene,  its  putative  antioxidant  properties  and  its 
relationship  to  vitimin  A.  A  variety  of  carotenoids,  including  beta-carotene,  showed  no  in  vivo 
antioxidant  properties  when  fed  to  animals  deficient  in  vitamin  E  and  selenium.  A  copper  deficiency 
had  no  effect  on  carotene  metabolism  in  view  of  the  fact  that  the  carotene-converting  enzyme,  carotene 
epoxidase.  reouires  copper. , 
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Mice  born  with  combined  lipase  deficiency  (cld/cld)  have  very  low  lipoprotein  (LPL)  and  hepatic  (HL) 
lipase  activities,  develop  severe  hypertriacylglycerolemia,  and  die  within  3  days.  The  recessive  mutation 
(eld)  causing  the  deficiency  is  located  on  chromosome  17,  whereas  LPL  and  HL  genes  are  on  chromosomes 
8  and  11,  respectively.  Structural  genes  for  the  lipases  are  normal  in  cld/cld  mice.  Both  lipases  are 
synthesized  in  parenchymal  cells  and  transferred  to  endothelial  cells  where  they  normally  act.  The  active 
form  of  LPL  is  thought  to  be  a  dimer  of  identical  endo  H-resistant  glycopeptides.  Brown  adipocytes 
cultured  from  cld/cld  mice  synthesized  normal -sized  LPL  subunits  which  were  glycosylated  and  partially 
processed,  but  the  lipase  was  inactive,  retained  in  ER,  and  present  as  aggregates  of  subunits.  The  LPL 
subunits  contained  endo  H-sensitive  oligosaccharide  chains.  LPL  was  also  retained  in  ER  of  cultured 
cld/cld  heoatocvtes.  Blocking  glycosylation  of  LPL  with  tunicamycin  in  normal  adipocytes  resulted  in 
synthesis  of  LPL  which  was  inactive,  retained  in  ER,  and  present  as  aggregates.  Normal  processing  of 
oligosaccharide  chains  is  initiated  by  removal  of  the  outer  glucose  residue  by  action  of  glucosidase  I  in  ER. 
Blocking  glucosidase  I  with  castanospermine  (CSTP)  in  normal  adipocytes  resulted  in  production  of 
unprocessed  (endo  H-sensitive)  LPL  which  was  inactive,  undimerized,  and  retained  in  endoplasmic 
reticulum  (ER).  These  findings  suggested  that  retention  in  ER  prevented  dimerization  of  LPL  subunits. 
Treatment  of  cells  with  brefeldin  A,  which  can  redistribute  cis  and  medial  Golgi  proteins  to  ER,  resulted 
in  formation  of  active-dimeric  LPL  in  cld/cld  and  CSTP-treated  adipocytes,  and  formation  of  inactive- 
dimeric  LPL  in  tunicamycin-treated  cells.  The  findings  indicate  that  dimerization  of  LPL  subunits  requires 
some  component(s)  of  cis/medial  Golgi  or  the  intermediate  compartment  between  ER  and  Golgi,  and  that 
glycosylation  and  dimerization  of  LPL  subunits  are  both  required  for  activity  of  LPL.  They  also  indicate 
that  retention  of  LPL  in  ER  of  cld/cld  cells  probably  results  from  a  direct  effect  of  the  eld  mutation  on 
transport  of  LPL  from  ER  to  Golgi. 
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We  located  hepatic  lipase  in  space  of  Disse  and  subendothelial  space  of  heart  and  aorta.  Hepatic 
lipase  in  the  space  of  Disse  was  associated  with  the  extracellular  matrix  at  basal  surfaces  of  sinusoidal 
epithelium  and  hepatocytes,  and  at  surfaces  of  non-parenchymal  cells  and  lipoprotein  sized  particles. 
Hepatic  lipase  was  present  in  heart  in  extracellular  matrix  around  capillaries  and  at  surfaces  of  myocytes. 
A  striking  finding  was  the  presence  of  hepatic  lipase  in  aorta,  beneath  the  endothelium  and  in  the 
adventitia.  Hius  hepatic  lipase  was  located  in  the  space  of  Disse,  where  it  could  act  on  remnants  prior 
to  uptake  by  hepatocytes,  and  in  subendothelial  space,  where  it  could  act  on  lipoproteins  transported 
across  endothelium. 

Perilipin,  a  hormonally  regulated  phosphoprotein,  was  located  intracellularly  in  cultured  3T3-L1 
adipocytes,  adipocytes  isolated  from  rat  epididymal  fat  pads  and  adipocytes  within  lactating  rat  mammary 
gland.  In  developing  adipocytes  and  mature  adipocytes,  perilipin  is  localized  on  the  monolayered  surface 
of  lipid  droplets.  Perilipin  was  not  found  in  mammary  alveolar  cells  which  synthesize  and  secrete 
triacylglycerol  lipid  droplets  as  milk  lipid.  Immunofluorescent  studies  on  cultured  3T3-L1  adipocytes 
incubated  with  cAMP  analogues  show,  that  cells  decrease  perilipin  at  the  lipid  droplet  surface  and 
disperse  perilipin  into  the  cytoplasm  in  response  to  cAMP  kinase  activation. 

Golgi  compartments  are  involved  in  the  intracellular  trafficking  of  cholesterol  derived  from  LDL. 
In  normal  fibroblasts  both  trans  Golgi  vacuoles  and  cis  Golgi  cistemae  accumulate  cholesterol  in  response 
to  LDL  uptake  suggesting  a  route  of  transport  for  cholesterol  from  trans  Golgi  vacuoles  to  plasma 
membrane  and  cis  Golgi  to  endoplasmic  reticulum.  In  fibroblasts  derived  from  patients  with  Niemann- 
Pick  Type  C  disease  cholesterol  accumulates  in  trans  Golgi  cistemae  suggesting  impaired  cholesterol 
transport  through  the  Golgi.  The  ability  of  cells  to  process  cholesterol  rich  lipoproteins  could  depend  on 
modulation  of  cholesterol  enriched  membrane  traffic  through  the  Golgi  to  intracellular  homeostatic  sites. 
We  found  recently  that  normal  fibroblasts,  incubated  with  progesterone  and  LDL  abnormally  accumulate 
cholesterol  in  lysosomes.  Upon  progesterone  removal,  unesterified  cholesterol  leaves  lysosomes  and 
cholesterol  ester  is  synthesized  in  these  normal  cells.  However,  monensin,  a  compound  which  inhibits 
Golgi  membrane  trafficking  to  the  plasma  membrane,  retards  cholesterol  efflux  from  cholesterol  laden 
lysosomes  and  increases  cholesterol  in  Golgi.  This  rapidly  reversible  cholesterol  lipidosis  in  normal  cells 
provides  an  experimental  opportunity  to  study  mechanisms  that  regulate  intracellular  cholesterol 
transport. 
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The  Biotechnology  Unit  is  responsible  for: 

a.  Large-scale  production  of  procaryotes.(bacteria),  and  eucaryotes  (mammalian  cells,  insect  cells). 

b.  Large-scale  recovery  and  purification  of  biologically  active  compounds  (proteins,  polysaccharides, 
etc.)  from  various  sources. 

c.  Process  development  work  associated  with  (1)  bacterial  growth,  (2)  eucaryotic  cell  growth,  and 
(3)  extraction  and  purification  of  biologically  active  compounds,  especially  proteins.  The  process 
development  work  is  conducted  to  develop  a  procedure  suitable  for  large-scale  preparation  and 
production  of  material  suitable  for  clinical  trials. 

d.  research  and  development  work  not  necessarily  linked  to  a  current  process  development  project, 
but  work  that  has  long-term  implications  for  fermentation  processes  and  protein  purification. 

During  the  last  year  the  Unit  performed  212  different  large-scale  preparations,  including  microorganisms 
(especially  E.  coli-carrving  recombinant  DNA)  grown  in  volumes  ranging  from  5  to  300  liters,  eucaryotic 
cells  grown  in  volume  up  to  50  liters  and  processing  of  various  biological  materials. 

Special  effort  was  devoted  to  the  development  of  a  suitable  process  for  the  extraction  and  purification 
of  large  amounts  of  two  proteins  needed  for  clinical  trials.  The  first  is  S  antigen  from  the  human  retina 
and  the  second  is  a  modified  toxic  version  of  Pseudomonas  aeruginosa  exotoxin  A. 
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Dictvostelium  development  is  regulated  by  response  to  secreted  cAMP.  We  have  isolated  genes  for  4 
cAMP  receptor  subtypes  and  determined  their  role  during  the  Dictvostelium  developmental  cycle.  Each 
has  a  distinct  affinity  for  cAMP  which  correlates  well  with  the  relative  concentrations  of  extracellular 
cAMP  present  at  the  time  of  their  expression.  Dictvostelium  specifically  disrupted  for  each  gene  exhibit 
developmental  abnormalities  consistent  with  their  cAMP  affinities  and  temporal  and  spatial  patterns  of 
expression.  Thus,  the  multiple  responses  of  cells  to  cAMP  can  be  attributed  to  distinct  receptor  subtypes 
encoded  by  unique  genes.  Nonetheless,  current  data  suggest  that  cAMP  receptors,  other  than  CARs  1  - 
4,  play  a  role  during  Dictvostelium  development.  Mutated  Dictvostelium  are  still  able  to  regulate  gene 
expression  by  cAMP-dependent  event.  We  have  now  isolated  several  genes  which  share  weak  sequence 
homology  with  the  known  cAMP  receptor  genes  across  their  entire  coding  regions.  These  genes 
potentially  encode  a  new  set  of  cAMP  receptors  which  may  mediate  cAMP  regulated  gene  expression. 
Alternatively,  they  may  interact  with  a  completely  different  ligand;  several  other  G-protein-linked 
responses  have  been  described  in  Dictvostelium.  The  promoters  which  regulate  the  expression  of  the 
cAMP  receptor  genes  have  been  identified.  Deletion  studies  indicate  that  they  may  be  under  both 
positive  and  negative  control  and  in  some  cases  we  have  localized  specific  DNA  elements  that  are 
absolutely  required  for  developmentally  regulated  expression.  Interestingly,  the  cAMP  receptors 
themselves  are  regulated  by  response  to  extracellular  cAMP.  In  particular,  subtype  1  uses  a  dual 
promoter  system.  Each  is  active  at  a  distinct  developmental  stage  and  responsive  to  a  different  signalling 
mechanism.  The  promoters  have  been  fused  with  reporter  genes  that  permit  the  detection  of  cell-type 
specific  expression  patterns.  Consistent  with  our  previous  studies  of  mRNA  localization,  the  promoters 
exhibit  specific  patterns  of  localized  expression.  The  mammalian  adipocyte  represents  another  excellent 
system  for  the  study  of  differentiation.  We  have  primarily  focussed  on  the  structure  and  function  of 
perilipin,  an  adipocyte -specific,  phosphoprotein  that  is  localized  at  the  periphery  of  lipid  droplets.  We 
have  isolated  cDNA  and  genomic  sequences  for  perilipin  from  rat  and  mouse.  Molecular  analyses 
predicted  the  existence  of  two  perilipin  protein  forms  that  result  from  alternative  RNA  splicing;  these 
protein  forms  have  been  confirmed.  Expression  in  sense  and  antisense  orientations  is  being  used  to 
examine  the  function  of  perilipin  in  lipid  metabolism. 


PHS  (040  (Rev.  5/92) 


30 


OEPARTMEIVrOF  HEALTH  AND  HimiAN  SERVICES-  PUBLIC  HEALTH  SERVICE 

NOnCE  OF  INTRAMURAL    RESEARCH    PROJECT 


PROJECT    NUMBER 


ZOl  DK  :  5505-1 4  LCDB 


PEJUOD  COVERED 

October  1,  1991  to  September  30,  1992 


TITLE  OF  PROJECT  (80  <±mnacrt   or  htt.  Tilk  n»»i  fii  on  o»«  line  t»n 

Regulation  of  Adipocyte  Metabolism 


PRINCIPAL   IhfVESnGATOR    (Lai  oilier  profcMiomI    penonnel    belo 


P.I.: 
Others: 


Constantine  Londos 
Andrew  S.  Greenberg 
Janice  L.  Theodorakis 
Christina  M.  Rondinone 
Daniel  M.  Levin 
Bernice  E.  Samuels 
Diane  L.  Servetnick 


ihc  Pnncipe!   brwcstitetof  )    (Name,  mk.  l«hof»iofY,   md  owniuu   tffitiiuani 

Research  Chemist 

LCDB:NIDDK 

Expert 

LCDB:NIDDK 

IRTA  Fellow 

LCDB:NIDDK 

e                      Visiting  Fellow 

LCDB:NIDDK 

Biologist 

LCDB:N1DDK 

Chemist 

LCDB:NIDDK 

Biologist 

LCDB:NIDDK 

COOPERATWG    UNITS  fif  «nv) 


A.R.  Kimmel,  J.  Blanchette-Mackie,  J.  Gruia-Gray,  LCDB:NIDDK;  R.P.  Nordan,  DCTiNCI;  P.  Coon, 
A. P.  Goldberg,  U.  Maryland,  Baltimore;  R.H.  Pointer,  Howard  University;  N.  Edens,  Rockefeller 
University,  G.  Michaels,  DCRT. 


iTa^oratory  of  Cellular  and  Developmental  Biology 


Mpmhranp  Rcgiilatinn  ^w'ctinn 


INSnTUTE  AND  LOCATION 

NIDDK.  NIH.  Bethesda,  MD  20892 


TOTAL  ST  AFT  YEARS; 


PROFESSIONAL: 


5.0 


4.5 


CHECK  APPROPRL^TE    BOX(ESI 

D  (a)  Human  subjects 

II](al)  Minors 
0(2.2)  Interviews 


n(b)  Human  tissues       S(c)  Neither 


SUMMARY   OF  WORX  fU»e  ■undinj    i»>miuoed    tvre    Dr  no  enceol  the  ipaoe  pn-vided  1 

Two  areas  of  research  on  hormonal  control  of  adipocyte  metabolism  are  summarized:  (A)  Previously,  we 
reported  the  discovery  of  perilipin,  an  adipocyte-specific  protein  that  is  associated  with  the  lipid  storage 
droplet  and  multiply  phosphorylated  upon  elevation  of  cAMP.  We  now  have  obtained  cDNAs  that 
contain  the  entire  predicted  coding  sequences  for  major  (57  kDa)  and  minor  (46  kDa)  forms  of  perilipin, 
A  and  B,  respectively.  The  two  forms  appear  to  arise  from  alternative  splicing,  and  both  proteins  are 
found  in  rat  adipocytes  in  tight  association  with  the  lipid  storage  droplet.  Total  blockade  of 
triacylglycerol  synthesis  does  not  interfere  with  perilipin  expression,  suggesting  that  nascent  lipid 
droplets,  the  lipid  packaging  moieties,  arise  independent  of  lipid  synthesis.  Confocal  microscopy 
combined  with  immunofluorescence  with  anti-perilipin  antibodies  reveals  that  lipolytic  stimulation  of 
cultured  3T3-L1  adipocytes  leads  to  a  massive  structural  change  in  the  lipid  storage  droplet  surface.  Such 
data  indicate  that  the  lipid  droplet  is  an  active  participant  in  lipolysis,  i.e.,  activation  of  the  rate-limiting 
enzyme,  hormone-sensitive  lipase,  is  but  one  of  several  concerted  reactions  required  to  mobilize  the 
stored  lipid.  (B)  Previously,  we  found  that  Interleukin-6  (IL-6)  acts  directly  on  adipoblasts  to  inhibit 
their  differentiation  into  adipocytes  and  on  adipocytes  to  inhibit  lipoprotein  lipase  activity,  data  that 
suggest  a  role  for  this  cytokine  in  cachexia.  Similarly,  tumor  necrosis  factor  (TNF/cachectin),  another 
factor  implicated  in  cachexia,  acts  directly  on  adipocytes  to  stimulate  IL-6  production.  A  comparison 
of  the  effects  of  IL-6  and  TNF  in  radiophosphate-loaded  3T3-L1  adipocytes  by  autoradiography  of  2D 
gels  reveals  that  the  cytokines  stimulate  the  phosphorylation  of  different  proteins.  Similarly,  IL-6 
stimulates  the  tyrosine  phosphorylation  of  4  different  proteins,  only  one  of  which  is  modified  by  TNF. 
These  data  indicate  that  the  two  cytokines  act  by  different  signalling  mechanism  and  suggest  that  tyrosine 
kinase  activation  may  mediate  some  IL-6  effects. 
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The  mouse  ovary  serves  as  a  paradigm  for  investigating  the  developmental  biology  of  mammalian 
gonadogenesis,  oogenesis  and  fertilization. 

Gonadoeenesis:  Mouse  gestation  occurs  over  20  days.  Germ  cells,  first  detected  in  the  developing 
embryo  7.5  days  post  coitus  (dpc),  migrate  from  the  allantois  to  the  genital  ridge  by  12.5  dpc.  In  XX 
females,  the  primitive  gonad  then  differentiates  into  an  ovary.  Sex-specific  cDNA  libraries  have  been 
prepared  from  female  and  male  genital  ridges  isolated  12-13  dpc.  A  subtractive  cloning  strategy  is  being 
used  to  identify  female-specific  gene  products  involved  in  early  organogenesis  of  the  ovary. 

Oogenesis:  The  expression  of  the  zona  pellucida,  an  ovary-specific  extracellular  matrix  composed  of 
three  glycoproteins  (ZPl,  ZP2,  ZP3),  serves  as  a  marker  of  oocyte  growth  and  differentiation  in  the 
adult  female.  The  mouse  and  human  ZP2  and  ZP3  genes,  transcripts  and  proteins  have  been 
characterized.  A  12bp  DNA  sequence  200  bp  upstream  of  the  start  of  transcription  of  all  four  genes  is 
necessary  and  sufficient  for  zona  promoter  activation  of  reporter  genes  microinjected  into  growing 
mouse  oocytes.  Efforts  are  currently  underway  to  clone  ZAP- 1 ,  the  putative  transcription  factor  that 
binds  to  this  DNA  element.  These  studies  will  provide  important  molecular  details  of  mechanisms 
involved  in  the  coordinate,  oocyte-specific  expression  of  the  zona  genes.  ZAP-1  will  additionally 
provide  an  early  marker  of  oocyte  growth  and  differentiation. 

Fertilization:  The  three  zona  proteins  are  secreted  and  form  an  extracellular  matrix  that  mediates  the 
relatively  species-specific  events  of  fertilization.  Using  microinjection  techniques  to  degrade  endogenous 
zona  transcripts  and  to  introduce  synthetic  zona  mRNAs,  we  are  assessing  protein-protein  interactions 
in  the  assemblage  of  the  zona  matrix.  To  investigate  the  molecular  biology  of  sperm-egg  interactions 
mediated  by  the  zona,  we  have  established  a  mouse  in  vitro  fertilization  assay.  We  are  using  recombinant 
DNA  techniques  to  create  mutant  zona  proteins  and  mouse/human  chimeric  zona  proteins.  These  will 
be  tested  for  their  ability  to  competitively  inhibit  fertilization,  enabling  establishment  of  strucutre- 
function  correlations. 
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The  epsilon-globin  gene  is  the  first  of  the  beta-like  globin  genes  to  be  expressed  during  human 
development.  Maximal  epsilon-globin  synthesis  occurs  in  the  large  nucleated  erythroid  cells  of  the 
embryonic  yolk  sac.  Transcription  of  the  gene  gradually  ceases  between  the  6th  and  10th  weeks  of  fetal 
life,  as  the  site  of  erythropoiesis  shifts  to  the  fetal  liver.  To  investigate  the  regulation  of  this  gene  we 
have  mapped,  in  vitro,  the  sites  of  interaction  between  nuclear  proteins  from  erythroid  and  non-ery- 
throid  cells,  and  DNA  sequences  in  the  epsilon-globin  promoter.  We  identified  a  site  for  the  erythroid 
factor  GATA-1  at  position  -165  in  the  e-globin  promoter.  GATA-1  binding  at  this  site  is  required  to 
mediate  the  effect  of  the  human  beta-globin  LCR  HS  II  enhancer.  However,  in  the  absence  of  the 
enhancer  GATA-1  does  not  participate  in  transcription  from  this  promoter.  GATA-1  sites  in  the 
enhancer  could  not  replace  the  requirement  for,  nor  did  they  interact  with,  the  promoter  site.  The 
enhancer  depended  instead  upon  AP-1/NF-E2  sites  in  order  to  effect  enhancement  from  this  promoter 
Thus,  productive  promoter-enhancer  interactions  increasing  transcription  of  the  e-globin  gene  may 
require  as  few  as  two  proteins  interacting  through  two  regulatory  sites  in  the  DNA. 

The  beta-globin  LCR  exhibits  at  least  two  kinds  of  properties:  it  has  long  range  effects  on  chromatin 
structure,  as  well  as  classical  enhancer  activity.  We  have  designed  a  minichromosomal  vector  containing 
a  marked  epsilon-globin  gene,  in  order  to  study  the  effect  of  LCR  sequences  on  the  structure  of  the 
epsilon-globin  gene  in  chromatin.  The  minichromosomes  are  carried  as  stable  episomal  elements, 
assembled  into  chromatin,  in  erythroid  and  non-erythroid  human  cells.  In  the  absence  of  the  LCR,  we 
found  that  the  epsilon-globin  gene  on  the  minichromosome  was  not  transcribed  The  gene  may  require 
its  own  enhancer  to  be  expressed,  even  in  an  erythroid  environment,  suggesting  that  the  availability  of 
eiythroid  transcription  factors  is  insufficient  to  allow  expression.  The  minichromosome  system  may 
provide  a  means  to  study  the  effects  of  the  LCR  on  chromatin  structure,  as  well  as  its  enhancer  activity. 
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Experiments  have  been  initiated  to  study  the  chemical  mechanism  of  the  autoprocessing  of  the 
human  immunodeficiency  virus  (HIV-1)  protease  (PR)  from  fusion  proteins.  An  assay  has  been  defined 
in  which  the  wild-type  fusion  protein  undergoes  time -dependent  autoprocessing  concomitant  with  the 
appearance  of  HIV-1  PR  activity.  Analysis  of  the  time  course  of  the  reaction  monitored  by 
immunoblotting  showed  the  initial  appearance  of  an  intermediate  product  of  cleavage  of  the  fusion 
protein.  This  reaction  was  determined  to  be  first-order  from  initial  rate  measurements  of  the  appearance 
of  enzymatic  activity,  and  the  disappearance  of  the  full-length  fusion  protein.  Pepstatin  A  inhibits 
autoprocessing  with  an  inhibition  constant  that  is  at  least  fivefold  lower  than  the  inhibition  constant  for 
the  mature  PR.  These  results  are  consistent  with  a  mechanism  in  which  the  processing  event  to  release 
HIV- 1  PR  activity  from  the  fusion  protein  involves  intramolecular  cleavage  at  the  amino  terminus  from 
a  dimer  polyprotein.  Inhibition  of  this  reaction  by  pepstatin  A  and  HIV-1  PR  substrate  indicates  that 
the  substrate  binding  site  is  intact  in  the  full-length  polyprotein. 

The  other  approach  involves  structure  to  function  characterization  of  HIV-1  polyprotein 
processing  by  mutational  analysis.  By  characterizing  the  in  vitro  processed  products  of  the  purified  full- 
length  HIV-1  PR  fusion  proteins  which  contain  mutations  at  either  the  N-  or  the  C-terminal  cleavage 
sites,  we  have  identified  mutations  which  completely  block  one  of  the  cleavage  sites  of  the  PR  and  effect 
cleavage  at  the  non-mutated  wild-type  site.  In  addition,  we  show  that  the  sequence  specificity  for 
cleavage  is  more  stringent  at  the  N-terminus  of  the  PR  than  at  the  C-terminus. 

A  rapid  method  has  been  described  by  which  the  PR  can  be  expressed  and  purified  to  yield 
enzyme  with  high  specific  activity.  A  buffer  system  has  been  established  for  the  stabilization  of  the  PR 
that  would  allow  kinetic  and  dimerization  studies  in  solution.  Production  of  the  enzyme  has  aided  in  two 
detailed  collaborative  studies:  (i)  Studies  on  the  effect  of  salt  on  the  kinetic  parameters  of  retroviral 
proteases  in  comparison  with  mammalian  aspartic  acid  proteases;  and  (ii)  Kinetic  studies  of  the  subsite 
specificity  of  HIV-1  and  HIV-2  proteinases. 
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The  Laboratory  conducts  research  in  several  apparently  disparate  areas  that 
include  morphogenesis,  development,  endocytosis,  endocrinology,  membrane 
transport,  detoxi cation  and  the  physical  and  chemical  behavior  of  proteins  and 
nucleic  acids.  It  does  so  by  applying  a  broad  array  of  different  approaches. 
Resolution  is  being  attempted  by  methods  that  stem  from  biochemistry, 
biophysics,  carbohydrate  chemistry,  cell  biology,  genetics  and  molecular  biology. 
Although  seemingly  diverse,  the  common  element  to  each  of  the  research  areas  is 
appropriate  to  the  Laboratories'  designation:  biochemical,  metabolic  and  physical 
approaches  are  being  brought  to  bear  on  major  problems  encompassed  by  the 
Institute's  charge.  It  is  the  close  proximity  of  experienced  investigators  from 
diverse  scientific  disciplines,  able  to  discuss  their  individual  problems  with  each 
other,  that  provides  synergistic  effects  for  resolution  of  the  questions  under 
investigation. 

I.  ENZYMES:    FUNCTIONAL  AND  ABNORMAL 

Several  groups  are  active  in  this  broadly  designated  area  which  covers  the  search 
for  genes  of  lysosomal  enzymes  whose  absence  leads  to  disease;  a  genetic 
approach  to  the  basic  catalytic  mechanism  that  is  responsible  for  the  svilfation  of 
otherwise  toxic  substances;  and  the  means  by  which  enzymes  are  folded  into  the 
proper,  active  configuration. 

Inherited  Disorders  of  Lvsosomal  Function 

N-acetylglucosaminyl-lysosomal  enzyme-1-phosphotransferase  is  a  membrane 
bound  enzyme  that  is  pivotal  in  equipping  other  enzymes  with  phosphorylated 
mannose  moieties,  residues  which  target  lysosomal  enzymes  to  lysosomes. 
Deficiency  of  this  phosphotransferase  results  in  two  inherited  disorders, 
Mucolipidosis  I  and  11.  Isolation  of  the  enzyme  to  obtain  sequence  data  for  use  in 
cloning  has  been  based  on  the  selective  affinity  of  the  phosphotransferase  for  a 
conformationally  dependent  protein  determinant  shared  by  all  lysosomal 
enzymes.  Phosphotransferase  activity  in  Hela  cell  membranes  --  at  least  70%  of  it  -- 
will  bind  to  a  recombinant  lysosomal  enzyme,  ^-hexosaminidase  B.  This  complex 
can  be  isolated  with  antibody  to  B-hexosaminidase  B.  Use  of  35S  labeled 
membranes  demonstrates  that  the  affinity  procedure  provides  a  major 
purification  step  and  suggests  that  a  67  kDa  protein  is  a  component  of  the 
phosphotransferase. 

Another  enzyme,  N-acetyl-neuraminidase  is  deficient  in  the  inherited  lysosomal 
storage  disorders,  sialidosis  smd  galactosialidosis.  The  former  disease  is  thought 
to  arise  from  mutations  in  the  neuraminidase  structural  gene,  whereas  the  latter 
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results  from  a  defect  in  a  protective  glycoprotein  which  appears  essential  for 
maintenance  of  activity  of  both  neuraminidase  and  B-galactosidase.  All  three 
proteins  copurify  and  are  believed  to  exist  as  a  functional  complex  within  the 
lysosome.  Two  approaches  are  being  utilized  to  clone  the  mammalian 
neuraminidase.  (1)  The  complex  has  been  purified  for  use  in  isolation  of 
neuraminidase  to  obtain  sequence  data  for  cloning.  (2)  A  set  of  degenerate 
primers,  based  on  a  five  amino  acid  sequence  motif  found  in  viral,  bacterial  and 
tr3rpanosome  nexiraminidases,  along  with  mRNA  from  human  fibroblasts,  has 
yielded  several  cDNA  fragments  following  PCR  amplification.  Sequence  analysis 
of  the  fragments  vdll  demonstrate  whether  an  authentic  part  of  human 
neuraminidase  has  been  obtained  for  use  in  screening  a  cDNA  library  from 
bovine  testiciilar  tissue. 

Enzvmatic  Basis  of  Detoxication 

Previous  work  from  this  laboratory  had  delineated  a  number  of  siilfotransferases 
that  were  purified  to  homogenous  form  from  mammalian  livers  and 
characterized.  In  this  manner,  phenol  sulfotransferases  of  different  types, 
alcohol  sulfotransferases,  and  an  amine  susulfotransferase  were  identified  and 
their  mechanism  of  catalysis  examined.  All  of  these  enzymes  displayed  the  very 
broad  specificity  for  lipophilic  compounds  that  characterizes  the  enzymes  of 
detoxication,  a  property  that  is  useful  in  correlating  physical  and  chemical 
properties  of  substrates  with  the  protein's  catalytic  effectiveness. 

Recently,  a  cDNA  for  tjTOsine-ester  sulfo transferase,  has  been  obtained  and  is 
being  expressed  in  large  quantities  by  a  bacterium.  The  resultant  protein  is 
entirely  similar  to  the  original  mammalian  species  in  catalytic  capacity,  although 
two  separable  protein  species  are  obtained;  the  differences  between  the  two  may  be 
due  to  differences  in  protein  folding. 

Attempts  at  obtaining  site  directed  mutations  have  led  to  the  isolation  of  about  a 
dozen  single-site  mutants  as  well  as  of  deletions.  Several  of  the  resultant  mutant 
enzymes  have  been  expressed,  brought  to  homogeneity  and  tested  for  activity  with 
a  broad  range  of  substrates.  Although  this  work  is  entirely  preliminary,  it  is 
apparent  that  quantitative  changes  in  substrate  utilization  exist  and  that  changes 
in  secondary  structure,  measured  by  circular  dichroism,  have  occurred  as  the 
result  of  mutations. 

Protein  Structure  and  Enzvme  Mechanisms 

Another  laboratory  is  engaged  in  studies  of  protein  structure  and  the  mechanism 
by  which  a  protein  molecule,  which  is  synthesized  as  a  random  coil,  can  fold  into 
a  specific  secondary  and  tertiary  structiire,  without  any  external  help.  The  main 
subject  of  research  is  swine  pepsinogen,  a  monomeric  protein  of  molecular 
weight  39,630,  which  is  stable  at  pH's  between  6  and  8.5.  Below  pH  6  pepsinogen 
activates  itself  by  proteol3rtic  loss  of  it's  first  44  amino  acids  to  produce  an 
enzymatically  active  protein,  pepsin.  Pepsin  is  stable  only  at  a  pH  below  6.  Both 
proteins  are  unfolded  by  exposure  to  high  pH,  temperature  or  concentrations  of 
such  denaturants  as  urea.    After  unfolding,  pepsinogen  can  refold  to  its  normal 
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structure,  when  returned  to  native  conditions,  whereas  pepsin  cannot.  Interest  is 
in  the  mechanism  of  this  refolding  reaction  and  on  the  influence  of  the  change  in 
sequence  on  the  behaviour  of  the  two  proteins.  Using  techniques  such  as  ultra- 
violet, circular  dichroic  and  fluorescence  spectroscopies,  together  with  chemical 
modification  and  peptide  chemistry,  the  structures  of  the  native  and  unfolded 
species  have  been  characterized.  Using  rapid  kinetic  techniques,  such  as  stopped- 
flow  and  T-jtunp,  intermediate,  partly  folded  forms  have  been  detected  in  the 
folding  reaction,  their  structures  have  been  partially  determined  and  the  nature 
of  the  chemical  reactions  which  separate  them  from  the  native  and  unfolded 
forms  investigated. 

n.  MORPHOGENESIS  AND  DEVELOPMENT 

At  a  higher  level  of  organization,  one  c£in  question  how  enzymes  or  regulatory 
genes  affect  cell  structures  or  the  function  of  entire  glands. 

Polysaccharides  in  Morphogenesis 

Chitin  synthetases  1,  2  and  3  have  been  shown  to  have  distinct  functions  in 
septum  formation  and  cell  separation  in  yeast.  By  carrying  out  several  in-frame 
deletions,  it  has  been  established  that  an  amino  terminal  portion  of  chitin 
synthetase  2  (Chs2)  is  not  essential  for  activity  or  function.  This  is  also  probably 
true  of  the  corresponding  region  of  chitin  synthetase  1  (Chsl).  Experiments  on 
the  turnover  of  Chsl,  Chs2  and  Chs3  activity,  and  of  the  corresponding  messenger 
RNA's  sifter  shutting  off  transcription,  indicate  that  in  vivo  reg^ulation  of  these 
enzymes  probably  occurs  at  the  post-translation  level. 

Synthesis  of  the  major  structural  polysaccharide  of  the  yeast  cell  wall,  B(l->3) 
glucan,  is  catalyzed  by  a  membrane-bound  system.  By  extraction  with  salts  and 
detergents  two  fractions,  A  and  B,  have  been  solubilized  that  are  needed,  in 
combination  with  GTP,  for  glucan  synthetase  activity.  Results  with  partially 
purified  fraction  A  (the  GTP-binding  component)  indicate  that  it  may  contain  an 
intrinsic  GTPase,  whose  modulation  may  be  important  for  the  control  of  both 
glucan  synthetase  activity  and  cell  wall  growth. 

Tissue  Specific  and  Hormone  Reflated  Gene  Expression 

The  molecular  basis  of  mammary-specific  and  developmentally  and  hormonally 
regulated  gene  expression  was  studied  by  analysis  of  the  mouse  whey  acidic 
protein  (WAP)  gene  in  transgenic  animsds.  Mammary  specific  transcription 
elements  and  control  elements  conferring  hormone  regulation  are  located  in  the 
promoter/upstream  region,  and  probably  also  within  the  body  of  the  gene.  It  was 
shown  that  chromatin  surrounding  WAP  transgenes  can  modify  the  response  of 
transcription  elements  to  hormonal  and  developmental  stimuli.  Matrix 
attachment  regions  can  insulate  transcription  elements  from  such  position 
effects,  thereby  emphasizing  the  role  of  chromatin  domains  in  regulated  gene 
expression. 
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In  continuation  of  establishing  the  mammary  gland  as  a  bioreactor,  regulatory 
elements  from  the  mouse  WAP  gene  were  found  to  be  ideal  for  protein  production 
in  milk  of  transgenic  swine  and  sheep.  WAP  regulatory  elements  are  currently 
employed  to  produce  hiunan  proteins  such  as  tissue  plasminogen  activator, 
Protein  C  and  glucocerebrosidase. 

The  precocious  expression  of  WAP  in  mammary  tissue  during  pregnancy  can 
resiilt  in  an  abrogation  of  mammary  development  and  a  milchlos  phenotype. 
Ectopic  expression  of  WAP  in  the  salivary  gland  of  transgenic  mice  did  not 
interfere  with  development  of  the  gland,  suggesting  that  WAP  may  be  a 
mammary  specific,  developmental  differentiation  factor. 

A  technology  was  developed  for  introducing  DNA  into  somatic  tissues  of  live 
animals  using  jet  injection.  This  method  may  be  useful  for  generating  somatic 
transgenics,  for  attempts  at  tumor  cell  ablation  and  for  gene  therapy. 

ni.  PROTEIN  SORTING  AND  TRANSPORT  FUNCTIONS 

Central  to  modem  biology  is  the  nature  of  the  mechanism  for  the  movement  of 
macromolecules,  glycoproteins  in  particxolar,  not  only  into  and  out  of  the  cell  but 
also  into  specific  organelles.  The  mechanisms  involved  are  being  sought  from  the 
approaches  of  the  disciplines  of  somatic  cell  genetics,  molecular  biology, 
carbohydrate  chemistry,  endocrinology  and  biochemistry.  The  implications  of  the 
work  extend  from  cell  biology  to  applications  in  thyroid  pathobiology  and 
approaches  to  the  ADDS  virus. 

Role  of  Carbohydrate  Moietv  of  Glycoproteins 

Work  on  the  role  of  the  carbohydrates  of  glycoproteins  represents  a  continuation 
and  extension  of  earlier  studies  on  the  role  of  protein-bound  carbohydrates  in 
biological  systems.  Three  separate  areas  have  been  examined,  (a)  Current 
concepts  of  the  mechanism  of  tritiated  borohydri^e  reduction  of  carbohydrates 
have  been  challenged  and  found  wanting.  Reduction  under  controlled  conditions 
revealed  the  specific  radioactivity  of  the  individual  sugars  to  vary  widely  and  to  be 
a  function  of  the  spatial  environment  of  the  carbonyl  group  being  reduced,  (b) 
Further  understanding  of  the  mechanism  relating  congenital  goiter  with 
hyposialylated  thyroglobulin  (described  in  an  earlier  report)  has  been  attained  by 
the  demonstration  in  a  rat  th3rroid  cell  line  that  TSH  down-regulates  mRNA  for 
the  enzyme,  oc2,6  sialyltransferase.  The  latter  is  responsible  for  the  major  portion 
of  th)TOglobulin  sialyl  residues  which  in  turn  affects  iodination  and  hormone 
production,  (c)  An  examination  of  the  putative  presence  and  potential  role  of 
carbohydrate-bound  nuclear  proteins  has  been  initiated.  Attention  has  been 
centered  on  those  proteins  which  are  tightly  bound  to  DNA  and  which  can  be 
recovered  from  hydroxylapetite-bound  chromatin.  Preliminary  findings  point  to 
the  presence  of  small  amoimts  of  galactose  and  galactosamine. 
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Role  of  the  Nuclear  Envelope  in  Intracellular  Protein  Sorting 

Transport  across  the  nuclear  pore  complex  is  an  essential  process  for  regulating 
cell  growth  and  normal  development.  Here,  the  structure  of  the  nuclear  pore  and 
its  involvement  in  nuclear  transport  are  being  studied  at  a  molecular  level.  The 
laboratory  had  shown  that  the  nuclear  pore  complex  consists  of  a  family  of 
glycoproteins  having  covalently  attached  0-linked  N-acetylglucosamine. 
Glycosylation  of  the  major  nuclear  pore  glycoprotein  p62  has  been  examined  in 
detail.  After  rat  cDNA  and  gene  encoding  rat  p62  were  isolated,  the  primary 
sequence  of  p62  was  found  to  consist  of  a  series  of  14  repeating  pentapeptide  motifs 
having  the  sequence  GFSFG.  Rabbit  antisera  raised  against  this  pentapeptide 
react  not  only  with  p62  but  also  with  the  other  members  of  the  nuclear  pore 
glycoprotein  family.  These  antisera  have  been  used  to  isolate  the  cDNAs  encoding 
other  nuclear  pore  glycoproteins.  In  addition,  degenerate  oligonucleotides, 
corresponding  to  the  pentapeptide  repeat,  have  been  used  as  primers  for  isolating 
additional  cDNA  species  by  using  the  polymerase  chain  reaction  technique.  To 
examine  the  function  of  the  nuclear  pore  glycoproteins  in  nuclear  transport,  an  in 
vitro  nuclear  assembly  and  transport  system  was  used.  DNA,  when  added  to 
extracts  of  Xenopus  laevis  nuclei,  reform  with  intact  nuclei  envelopes  and 
nuclear  pores.  These  extracts  can  be  depleted  of  endogenous  nuclear  pore 
components  and  reconstituted  with  recombinant  or  biochemically  altered  pore 
proteins.  Using  this  assay,  nuclear  pore  assembly  and  transport  were  shown  to 
require  nuclear  pore  glycoproteins;  the  0-linked  N-acetylglucosamine  moiety  can 
be  modified  without  altering  transport.  The  ability  to  generate  recombinant  forms 
of  other  nuclear  pore  glycoproteins  should  allow  a  further  dissection  of  the 
functional  roles  of  these  nuclear  pore  components. 

Electrochemical  Ion  Gradients  as  a  Mechanism  of 
Cellular  Message  Transmission 

The  characterization  of  iodide  transport  in  thyroid  is  being  continued.  The 
current  emphasis  is  to  clone  proteins  in  thyroid  that  are  involved  in  the  transport 
of  iodide  across  the  membrane.  This  project  involves  the  use  of  rat  thyroid  cells  in 
culture,  and  of  cells  unable  to  transport  iodide;  the  latter  cells  were  transfected 
with  specific  clones,  enabling  them  to  transport  iodide. 

Selection  of  the  initial  clones  was  based  on  the  affinity  of  some  proteins  for  binding 
to  stilbene,  since  stilbenes  interact  with  iodide  transport.  These  clones  were 
transfected  into  COS-7  cells  and  to  non-iodide  transporting  thyroid  cells.  By  these 
means  transfected  cells  did  not  demonstrate  properties  of  the  major  iodide  uptake 
system  of  thyroid,  but  rather  properties  related  to  acid/base  regxilation  and  the 
maintenance  of  internal  pH;  the  transfected  cells  show  a  pH-  dependent  loss  of 
iodide.  The  effort  to  clone  the  major  iodide-transport  protein,  therefore,  required  a 
different  approach.  The  new  methods  depend  on  RNA-expression  libraries  and 
offer  a  promising  path  toward  further  understanding  of  iodide  transport. 

Collaborative  studies  show  that  thyroglobulin  glycosylation  regulated  by  TSH, 
plays  a  role  in  some  forms  of  congenital  goiter,  and  sJlows  an  imderstanding  of 
critical  aspects  of  thyroid  hormone  formation.    Biochemical  studies  on  thyroid 
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tissue  from  iodine-defidency  goiters  relate  iodine  utilization,  growth  and  thyroid 
hormone  synthesis. 

Cell  Regulation  bv  Hormones.  Growth  Factors.  Autoantibodies,  and  Oncogenes 

One  group  is  studying  the  structure-function  relationships  of  the  thyrotropin 
(TSH)  receptor,  the  involvement  of  this  receptor  in  autoimmime  thyroid  disease, 
and  the  relationship  between  thyroid  autoimmune  diseases  and  other  organ- 
specific  autoimmune  diseases,  i.e.  lupus  and  diabetes.  Structure/  function  of  the 
TSH  receptor  are  being  compared  to  other  glycoprotein  hormone  receptors  and  the 
regulation  of  thyroid  function  and  growth  by  the  TSH  receptor  is  being  evaluated 
and  compared  to  receptors  for  other  hormonal  ligands.  Particular  attention  is 
given  to  identifying  determinants  on  the  receptors  important  for  TSH  and  receptor 
autoantibody  binding  and  signal  transduction,  as  well  as  the  transcriptional  and 
posttranscriptional  mechanisms  by  which  TSH  and  the  other  receptors  affect 
thjToid  gene  expression.  The  relaticnship  between  oncogene  transformation,  the 
development  of  autoimmunity,  and  the  loss  of  normal  regulation  of  thyroid 
function  and  growth  is  applied  to  understanding  why  thjn-oid  tumors  and 
adenomas  develop.  The  role  of  different  signal  transduction  mechanisms  -  cAMP, 
Ca/  phosphoinositide  and  arachidonate  -  are  being  related  to  thjToid  cell  growth 
and  differentiation,  including  thyroid  hormone  formation.  Evaluation  of  the  role 
of  membrane  lipids  in  regulation  of  TSH  receptor  expression,  LDL  receptor 
expression,  and  cholesterol  biosynthesis  is  being  undertaiken  as  is  a  study  of  the 
role  of  major  histocompatibility  antigens  in  the  development  of  autoimmiine 
thyroid  diseases  and  organ  specific  immune  diseases.  This  work  combines 
moleoilar  biology,  cell  biology  and  monoclonal  antibody  methods  in  attacking  the 
problem.  A  long  term  continuing  project  involves  the  development  of  thyroid  cells 
which  can  grow  in  continuous  culture  in  vitro  and  act  as  models  of  endocrine  and 
thyroid  disorders. 

Endocvtosis.  Secretion  and  Compartmentalization 

The  analysis  of  complex  cellular  pathways  by  the  approach  of  biochemical 
genetics  forms  the  core  of  work  of  another  group.  The  primary  defect  in  FD  1.3.25, 
a  Chinese  hamster  ovary  (CHO)  cell  mutant  exhibiting  genetically  dominant 
aberrations  in  endocytosis  and  secretion,  appears  to  reflect  a  single  nucleotide 
substitution  in  one  of  the  two  alleles  encoding  the  glycol3rtic  enzyme 
glyceraldehyde  S-phosphate  dehydrogenase.  The  mutant  pol)Tpeptide  was 
originally  identified  on  the  basis  of  its  persistent  association  with  microtubule 
preparations,  which  has  also  been  shown  to  be  a  genetically  dominant  trait;  this 
correlates  with  the  abnormal  association  of  both  late  endosomes  and  secretory 
vesicles  with  microtubules  observed  in  FDl.3.25.  Studies  directed  toward 
elucidation  of  the  interactions  among  microtubules,  vesicles  and  the  mutant 
polypeptide  have  been  initiated. 

Another  strain,  CHBll.1.3,  isolated  in  this  laboratory,  like  other  CHO  cell 
mutants  utilizing  pol3rprenol  rather  than  dolichol  in  lipid-dependent  N-linked 
glycosylation  reactions,  shows  its  greatest  deficit  with  respect  to  synthesis  of  the 
nonamannosyl   oligosaccharide.      Recent   results   may   prove   significant  in 
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tmcovering  the  relationship  between  the  structure  of  the  lipid  and  the  nature  of 
the  oligosaccharide  synthesized.  First,  it  has  been  shown  that  in  CHBll.1.3,  and 
in  two  independent  dolichol  mutants  supplied  by  others,  the  synthesis  of 
nonamannosyl  oligosaccharide  is  restored  by  shifting  the  cells  to  0°.  A  phenotypic 
revertant  of  CHBll.1.3,  RRl.3.4,  is  the  only  one  described  to  date  that  exhibits 
restoration  of  dolichol  synthesis;  RRl.3.4  accomplishes  this  through  over- 
production of  polyprenol. 

Intracellular  Traffic  in  HIV  Infection 

Transport  across  the  nuclear  membrane  is  necessary  at  several  steps  in  the  life 
cycle  of  HIV.  Once  in  the  cytoplasm,  the  viral  RNA  is  converted  to  double 
stranded  DNA  which  must  enter  the  nucleus.  Viral  regulatory  proteins  enter  the 
nucleus  while  viral  transcripts  are  exported  into  the  cytoplasm.  The  viral  REV 
protein  has  been  identified  as  a  key  regulator  of  transport  of  HIV  envelope  mRNA. 
Several  approaches  have  been  taken  to  understand  how  REV  may  function.  Cell 
lines  are  being  prepared  which  express  a  REV/glucocorticoid  receptor  chimera 
that  enters  the  nucleus  in  an  inducible  fashion;  these  cell  lines  also  contain  a 
construct  containing  a  REV  response  element  controlling  expression  of  a 
chloramphenicol  acetyltransferase  (CAT)  gene.  The  system  allows  CAT 
expression  to  be  conveniently  followed  by  direct  measure  of  export  of  CAT  mRNA 
into  the  cytoplasm.  A  means  has  also  been  devised  for  generating  nuclei  in  vitro 
around  exogenously  added  DNA;  the  method  uses  extracts  from  Xenopus  laevis 
eggs.  The  nuclei  assembled  in  such  extracts  mimic  interphase  nuclei  in  many 
ways  and  carry  out  active  nuclear  transport.  These  preparations  allow 
examination  of  the  mechanism  of  REV  action  and  the  movement  of  other 
molecules  involved  in  the  HIV  life  cycle.  In  other  studies,  the  structure  of  the 
nuclear  pore  has  been  examined.  The  nuclear  pore  requires  glycoprotein 
components  for  proper  morphology  and  function.  Since  previous  studies  indicate 
that  overexpression  of  nuclear  pore  glycoproteins  may  be  toxic  to  cells,  the  cDNA 
encoding  the  major  nuclear  glycoprotein  p62  has  been  placed  under  the  control  of 
a  glucocorticoid  responsive  expression  vector.  By  expressing  the  sense  and 
antisense  constructs,  it  should  be  possible  to  study  the  effects  of  suppression  or 
overexpression  of  this  nuclear  pore  component.  A  number  of  the  components  of 
the  pore  complex  have  now  been  molecularly  cloned.  Understanding  how 
retroviral  products  cross  the  nuclear  envelope  is  critical  to  attempts  to  regulate  or 
inhibit  the  critical  steps  in  the  HIV  life  cycle. 

IV.  HYDRATION  FORCES 

The  more  physical  interactions  of  macromolecules  -  particularly  proteins,  lipids 
and  DNA  -  with  their  environment  is  being  studied  with  special  focus  on  the  role 
of  water. 

Direct  Measurement  of  Forces  between  Membranes  or  Macromolecules 

The  ability  to  measure  directly  the  forces  between  membranes  or  between 
macromolecules  is  creating  a  new  logic  for  thinking  about  molecxilar  recognition, 
assembly,  and  folding.  The  outstanding  feature  of  interaction  is  that  as  molecules 
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or  membranes  approach  contact,  the  important  work  of  approach  involves 
removal  of  organized  water  solvent  from  the  apposing  surfaces.  These  "hydration 
forces"  are  now  recognized  to  act  in  materials  as  diverse  as  lipid  bilayers, 
proteins,  DNA  double  heLices,and  stiff  |>olysaccharides. 

The  first  direct  measxirement  of  forces  between  protein  molecules  (type  I  collagen 
triple  helices)  has  now  been  performed  and  shown  to  have  all  the  features 
characteristic  of  hydration  forces.  The  temperature  dependence  of  the  force  is 
similar  to  that  observed  in  ordered  arrays  of  DNA  molecules,  i.e.  the  physical 
nature  of  temperature-favored  assembly  in  DNA  and  proteins  may  be  similar. 
Temperature-favored  assembly  is  a  common  feature  of  many  biologically 
important  processes.  A  theory  of  temperature-favored  assembly  induced  by 
attractive  hydration  forces  between  hydrophilic  molecules  has  been  developed. 
Measurement  of  interaction  forces  between  dihexadecyldimethylammonium 
acetate  bilayers  has  demonstrated  that  neither  thermal-mechanical  imdulations 
nor  molecxolar  protrusions  contribute  significantly  to  hydration  forces  between 
lipid  bilayers.  A  dependence  of  hydration  forces  between  DNA  molecules  on 
solution  ion  composition  has  been  studied.  An  unxisual  H  -L  -H  double  phase 
transition  induced  by  variation  of  water  concentration  in  lipid/water  mixtures  has 
been  observed  and  explained.  A  theoretical  model  relating  hydration  forces  and 
phase  trsinsitions  on  the  surfaces  of  interacting  moleciiles  has  been  suggested. 

Physics  of  Ionic  Channels  and  other  Proteins  with  Aoueous  Cavities 

Through  the  use  of  osmotic  stress,  the  regulatory  effect  of  chloride  ions  on 
hemoglobin  function  has  been  reexamined,  explicitly  including  water  effects. 
Instead  of  the  1.6  chloride  ions  generally  assumed  linked  to  oxygen  affinity,  it  now 
appears  that  the  direct  binding  of  only  one  ion  to  the  deoxy  state  is  linked,  while 
the  rest  of  the  effect  is  due  to  the  binding  of  65  extra  water  molecules  to  the 
proteins  in  the  oxy  state.  Taking  into  acco\int  hydration  effects,  this  result 
suggests  that  ligand  regulation  of  "allosteric  proteins"  must  be  re-evaluated  with 
new  regard  for  the  activity  of  water. 

The  peptide  alamethicin,  inserted  into  bilayer  membranes  composed  of  lipids 
known  to  form  inverted  phases  of  different  spontaneous  radii,  showed  a  clear 
correlation  between  the  lipid  spontaneous  curvature  and  the  relative  probabilities 
of  different  conductance  states  and,  therefore,  channel  structures.  The 
dependence  of  ionic  channel  expression  on  the  packing  strain  in  lipid  bilayer 
revealed  by  these  experiments  suggests  an  active  role  for  membrane  lipid 
composition  in  regulating  membrane  protein  activity. 

Currents  through  fully  open  single  channels  formed  by  Staphylococcus  aureus 
alpha  toxin  were  subjected  to  fluctuation  analysis.  A  new  mechanism  of  excess 
noise  generation  in  an  ion  channel  was  identified  and  related  to  a  reversible 
ionization  of  residues  in  the  channel-forming  molecule.  The  reaction  parameters 
and  the  number  of  residues  participating  in  the  ionization  process  were  extracted. 
The  ability  of  noise  analysis  to  study  reactions  within  a  single  ionic  channel 
demonstrates  the  potential  power  of  the  technique  as  a  structural  tool  for  channel 
function  analysis. 
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Structure  and  Physical  Properties  of  DNA  and  DNA-Protein  Complexes 

The  efifect  of  small,  neutral  molecules  on  the  binding  of  sequence  specific  proteins 
to  DNA  is  being  studied  both  to  understand  the  energetics  underlying  this 
important  class  of  molectilar  recognition  reactions  and  to  develop  a  method  for 
stabilizing  the  DNA-protein  complexes  of  activated  gene  complexes  for  structural 
studies  using  transient  electric  birefringence  and   dichroism. 

The  fundamental  interaction  of  sugars  with  DNA  and  proteins  has  been  probed 
through  their  influence  on  forces  measiired  by  the  osmotic  stress  methrd  coupled 
with  x-ray  diffraction.  Sugars  are  preferentially  included  in  the  DNA  phase. 
Interaction  coefficients  scale  linearly  with  sugar  molecular  weight.  These  direct 
force  measurements  can  be  connected  with  experiment.  Both  the  B-Z  transition  of 
poly(dG-dC)  and  the  molten  globule  -  random  coil  transition  of  myoglobin  show 
osmotic  sensitivities  that  also  scale  with  sugar  molecular  weight. 

The  osmotic  sensitivity  of  the  galactose  operon  repressor,  binding  to  its  operator 
sequences,  is  being  measured.  The  binding  of  two  repressors  at  sites  separated  by 
about  100  base  pairs  is  necessary  for  function.  The  binding  of  the  first  is 
accompanied  by  the  uptake  of  some  25  extra  water  molecules;  the  binding  of  the 
second  shows  the  release  of  about  200  waters.  The  binding  of  the  first  appears  to 
trigger  a  protein  conformational  change  exposing  extra  surface  area;  while  the 
binding  of  the  second  releases  this  extra  bound  water  through  loop  formation 
mediated  by  protein  interactions. 
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The  work  carried  out  this  year  represents  a  continuation  and  extension  of  earlier 
studies  on  the  role  of  protein-bound  carbohydrates  in  biological  systems.  Three 
separate  areas  have  been  examined,   (a)  Current  concepts  of  the  mechanism  of 
tritiated  borohydride  reduction  of  carbohydrates  have  been  challenged  and  found 
wanting.   Reduction  imder  controlled  conditions  revealed  the  specific  radioactivity  of 
the  individual  sugars  to  vary  widely  and  to  be  a  function  of  the  spatial  environment  of 
the  carbonyl  group  being  reduced,  (b)  Further  understanding  of  the  mechanism 
relating  congenital  goiter  with  hyposialylated  thjTOglobulin  (described  in  an  earlier 
report)  has  been  attained  by  the  demonstration  in  a  rat  thyroid  cell  line  that  TSH 
down-regulates  mRNA  for  the  enzyme,  a2,6  sialyltransferase.  The  latter  is 
responsible  for  the  major  portion  of  thyroglobulin  sialyl  residues  which  in  turn  affects 
iodination  and  hormone  production,  (c)  An  examination  of  the  putative  presence  and 
potential  role  of  carbohydrate-  boimd  nuclear  proteins  has  been  initiated.  Attention 
has  been  centered  on  those  proteins  which  are  tightly  bound  to  DNA  and  which  can  be 
recovered  from  hydroxylapetite-boimd  chromatin.   Preliminary  findings  point  to  the 
presence  of  small  amoimts  of  galactose  and  galactosamine. 
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Previous  work  from  this  laboratory  had  delineated  a  number  of  sulfotransferases  that 
had  been  purified  to  homogenous  form  from  mammalian  livers  and  characterized.   In 
this  manner,  phenol  sulfotransferases  of  different  types,  alcohol  sulfotransferases, 
and  an  amine  susulfotranferase  were  identified  and  their  mechanism  of  catalysis 
examined.  All  of  these  enzymes  displayed  the  very  broad  specificity  for  lipophilic 
compounds  that  characterizes  the  enzymes  of  detoxication,  a  property  that  is  useful  in 
correlating  physical  and  chemical  properties  of  substrates  with  the  protein's  catalj^c 
effectiveness. 

Recently,  a  cDNA  for  tyrosine-ester  stilfotransferase,  has  been  obtained  and  is  being 
expressed  in  large  quantities  by  a  bacterium.  The  result>ant  protein  is  entirely  similar 
to  the  original  mammalian  species  in  catalytic  capacity,  although  two  separable 
protein  species  are  obtained;  no  difference  between  the  two  may  be  due  to  differences  in 
folding. 

Attempts  at  obtaining  site  directed  mutations  have  led  to  the  isolation  of  about  a  dozen 
single-site  mutants  as  well  as  of  deletions.  Several  of  the  resxJtant  mutant  enzymes 
have  been  expressed,  brought  to  homogeneity  and  tested  for  activity  with  a  broad  range 
of  substrates.  Although  this  work  is  entirely  preliminary,  it  is  apparent  that 
quantitative  changes  in  substrate  utilization  exist  and  that  changes  in  secondary 
structure,  measured  by  circular  dichroism,  have  occurred  as  the  result  of  mutations. 
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Previous  work  has  shown  that  chitin  synthetases  1,  2  and  3  have  distinct 
functions  in  septum  formation  and  cell  separation  in  yeast.   By  carrying  out 
several  in-frame  deletions,  it  has  been  established  that  an  amino  terminal  portion 
of  chitin  synthetase  2  (Chs2)  is  not  essential  for  activity  or  function.  This  is  also 
probably  true  of  the  corresponding  region  of  chitin  synthetase  1  (Chsl). 
Experiments  on  the  turnover  of  Chsl,  Chs2  and  Chs3  activity  and  of  the 
corresponding  messanger  RNA's  after  shutting  off  transcription  indicate  that  in 
vivo  regulation  of  these  enzymes  probably  occurs  at  the  post-translation  level. 

Synthesis  of  the  major  structural  polysaccharide  of  the  yeast  cell  wall,  B(l->3) 
glucan,  is  catalyzed  by  a  membrane-bound  system.  By  extraction  with  salts  and 
detergents  two  fractions,  A  and  B,  have  been  solubilized  that  are  needed,  in 
combination  with  GTP,  for  glucan  synthetase  activity.  Results  with  p£irtially 
purified  fraction  A  (the  GTP-binding  component)  inc^cate  that  it  may  contain  an 
intrinsic  GTPase,  whose  modulation  may  be  important  for  the  control  of  glucan 
synthetase  activity  and  of  cell  wall  growth. 
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This  laboratory  is  engaged  in  studies  on  protein  structure  and  the  mechanism  by 
which  a  protein  molecule,  which  is  synthesized  as  a  random  coil,  can  fold  into  a 
specific  secondary  and  tertiary  structure,  without  any  external  help.  The  main  subject 
of  research  is  swine  pepsinogen,  a  monomeric  protein  of  molecular  weight=39,630, 
which  is  stable  at  pH's  between  6  and  8.5.  Below  pH  6  pepsinogen  activates  itself  by 
proteolytic  loss  of  it's  first  44  amino  acids,  to  produce  an  enzymatically  active  protein, 
pepsin.  Pepsin  is  stable  only  at  pH's  below  6.  Both  proteins  are  unfolded  by  exposure 
to  high  pH,  temperature  or  concentrations  of  denaturants,  such  as  urea.  Afler  such 
tinfolding,  pepsinogen  can  refold  to  its  normal  structure,  when  returned  to  native 
conditions,  whereas  pepsin  cannot.   I  £un  interested  in  the  mechanism  of  this 
refolding  reaction  and  on  the  influence  of  the  change  in  sequence  on  the  behaviour  of 
the  two  proteins.   Using  techniques  such  as  ultra-violet,  droolar  dichroic  and 
fluorescence  spectroscopies,  together  with  chemical  modification  and  peptide 
chemistry,  the  structures  of  the  native  and  unfolded  species  have  been  characterized. 
Using  rapid  kinetic  techniques,  such  as  stopped-flow  and  T-jump,  intermediate, 
partly  folded  forms  have  been  detected  in  the  folding  reaction,  their  structures  have 
been  partially  determined  and  the  natxire  of  the  chemical  reactions  which  separate 
them  from  the  native  and  vmfolded  forms  investigated. 
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Transport  across  the  nuclear  pore  complex  is  an  essential  process  for  regulating 
cell  growth  and  normal  development.  The  structure  of  the  nuclear  pore  and  its 
involvement  in  nuclear  transport  are  being  studied  at  a  molecxilar  level.  Pre- 
viously the  laboratory  has  shown  that  the  nuclear  pore  complex  is  made  up  of  a 
family  of  glycoproteins  having  covalently  attached  0-linked  N-acetylglucosamine. 
Glycosylation  of  the  major  nuclear  pore  glycoprotein  p62  has  been  examined  in 
detail.  The  rat  cDNA  and  gene  encoding  rat  p62  have  been  isolated.  Examination 
of  the  primary  sequence  of  p62  revealed  a  series  of  14  repeating  pentapeptide 
motifs  having  the  sequence  GFSFG.  Rabbit  antisera  raised  against  this  penta- 
peptide sequence  react  not  only  with  p62  but  also  with  the  other  members  of  the 
nuclear  pore  glycoprotein  family.  These  antisera  have  been  used  to  isolate  the 
cDNAs  encoding  other  nuclear  pore  glycoproteins.   In  addition,  degenerate 
oligonucleotides  corresponding  to  the  pentapeptide  repeat  have  been  used  as 
primers  for  isolating  additional  cDNA  species  using  the  polymerase  chain 
reaction  technique.  To  examine  the  function  of  the  nuclear  pore  glycoproteins  in 
nuclear  transport,  an  in  vitro  nuclear  assembly  and  transport  system  has  been 
employed.  When  DNA  is  added  to  extracts  of  Xenopus  laevis  nuclei  reform  with 
intact  nuclei  envelopes  and  nuclear  pores.  These  extracts  can  be  depleted  of 
endogenous  nuclear  pore  components  and  reconstituted  with  recombinant  or 
biochemically  altered  pore  proteins.  Using  this  assay  nuclear  pore  assembly  and 
transport  were  shown  to  require  nuclear  pore  glycoproteins;  the  0-linked  N- 
acetylglucosamine  moiety  can  be  modified  without  altering  transport.  The  ability 
to  generate  recombinant  forms  of  other  nuclear  pore  glycoproteins  shoiold  allow  a 
further  dissection  of  the  fimctional  roles  of  these  nuclear  pore  components. 
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PI: 
Others: 


L.  Hennighausen  Research  Chemist 


M.  Balk 

R.A.  McKnight 

A.  Shamay 


Visiting  Fellow 
Staff  Fellow 
Visiting  Fellow 


LBM,  NIDDK 

LBM,  NIDDK 
LBM,  NIDDK 
LBM,  NIDDK 


COOPERATING  UNITS  (il  any} 


US  Department  of  Agriculture  (R.  Wall,  V.  Pursel);  NCI  (G.  Smith);  NCI,  Univ.  of 
Maryland  (P.A.  Furth);  NIMH  (E.  Ginns) 


LAB/BRANCH 


Laboratory  of  Biochemistry  and  Metabolism 


Section  on  Developmental  Biology 


INSTITUTE  AND  LOCATION 


NIDDK,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN- YEARS 


PROFESSIONAL 


3.5 


3.5 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 

□  (a1)  Minors 

□  (a2)  Interviews 


D  (b)  Human  tissues  Q  (c)  Neither 


Summary  of  work  (Use  stanaara  unreaucea  Type   Do  not  eiceetS  the  space  proviOeC ) 

The  molecular  basis  of  mammary-specific  and  developmentally  and 
hormonally  regulated  gene  expression  is  being  studied  through  the  analysis  of  the 
mouse  whey  acidic  protein  (WAP)  gene  in  transgenic  animals.   Mammary  specific 
transcription  elements  and  control  elements  conferring  hormone  regulation  are 
located  in  the  promoter/upstream  region,  and  probably  also  within  the  body  of  the 
gene.   It  was  shown  that  chromatin  surroimding  WAP  transgenes  can  modify  the 
response  of  transcription  elements  to  hormonal  and  developmental  stimuh.   Matrix 
attachment  regions  can  insulate  transcription  elements  from  such  position  effects, 
thereby  emphasizing  the  role  of  chromatin  domains  in  regulated  gene  expression. 

In  continuation  of  establishiig  the  mammary  gland  as  a  bioreactor,  it  was 
shown  that  regulatory  elements  from  the  mouse  WAP  gene  are  ideal  for  protein 
production  in  milk  of  transgenic  swine  and  sheep.  WAP  regulatory  elements  are 
currently  employed  to  produce  human  proteins  such  as  tissue  plasminogen 
activator.  Protein  C  and  glucocerebrosidase. 

It  has  been  shown  that  precocious  expression  of  WAP  in  mammary  tissue 
during  pregnancy  can  result  in  an  abrogated  mammary  development  and  a 
milchlos  phenotype.  Ectopic  expression  of  WAP  in  the  salivary  gland  of  transgenic 
mice  did  not  interfere  with  development  of  the  gland,  suggesting  that  WAP  may  be  a 
mammary  specific  developmental/differentiation  factor. 

A  technology  was  developed  to  introduce  DNA  into  somatic  tissues  of  live 
animals  using  jet  injection.  This  technology  may  be  useful  for  generating  somatic 
transgenics,  for  tumor  cell  ablation  and  for  gene  therapy. 
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J.A.  Boose 
A.  Conley 
J.  Tropea 


Staff  Fellow 
Biologist 
Staff  Fellow 


LBM,  NIDDK 

LBM,  NIDDK 
LBM.  NIDDK 
LBM,  NIDDK 


COOPERATING  UNITS  H  viy) 
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NIDDK,  NIH,  Bethesda,  Maryland  20892 
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PROFESSIONAL 
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n  (a)  Human  subjects  D  (b)  Human  tissues  Si  (c)  Neither 

D   (al)  Minors 
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SUMMARY  Of  WORK  fuse  sitnatrg  unreouceo  type  Do  not  »MC9«e  me  spact  proviOaC  j 

N-acetylglucosaminyl-lysosomal  enzyme- 1 -phosphotransferase  is  a  membrane  bound  enzyme  that  is 
pivotal  in  equipping  lysosomal  enzymes  with  phosphorylated  mannose  moieties,  residues  which 
target  lysosomal  enzymes  to  lysosomes.  Deficiency  of  the  enzyme  results  in  the  inherited  disorders 
Mucolipidosis  I  and  H.  Isolation  of  die  enzyme  to  obtain  sequence  data  for  use  in  cloning  has  been 
based  on  the  selective  affinity  of  the  phosphotransferase  for  a  conformationally  dependent  protein 
determinant  shared  by  all  lysosomal  enzymes.  70%  of  the  phosphotransferase  activity  in  Hela  cell 
membranes  will  bind  in  solution  to  a  recombinant  lysosomal  enzyme,  &-hexosaminidase  B,  and  that 
this  complex  can  be  isolated  with  antibody  to  B-hexosaminidase  B.  Use  of  35S  labeled  membranes 
demonstrates  diat  the  affinity  procedure  provides  a  major  purification  step  and  suggests  that  a  67  kDa 
protein  is  a  component  of  the  phosphotransferase.  The  feasibility  of  using  the  Vaccinia/T7  transient 
expression  system  for  cDNA  cloning  of  the  phosphotransferase  has  been  examined. 

N-acetyl-neuraminidase  is  deficient  in  the  inherited  lysosomal  storage  disorders,  sialidosis  and 
galactosialidosis.  The  former  disease  is  thought  to  arise  firom  mutations  in  the  neuraminidase 
structural  gene,  whereas  the  latter  results  from  a  defect  in  a  glycoprotein  (protective  protein)  which 
appears  essential  for  maintenance  of  activity  of  both  neuraminidase  and  B-galactosidase.  All  three 
proteins  copurify  and  are  believed  to  exist  as  a  functional  complex  within  the  lysosome.  Two 
approaches  are  being  utilized  to  clone  the  mammalian  neuraminidase.  (1)  The  complex  has  been 
purified  from  bovine  testicular  tissue  for  use  in  isolation  of  neuraminidase  to  obtain  sequence  data  for 
cloning.  (2)  A  set  of  degenerate  primers,  based  on  a  five  amino  acid  sequence  motif  found  in  viral, 
bacterial  and  tiypanosome  neuraminidases,  along  with  mRNA  from  human  fibroblasts  has  yielded 
several  cDNA  fragments  following  PCR  amplification.  Sequence  analysis  of  the  fragments  will 
demonstrate  whether  an  authentic  part  of  human  neuraminidase  has  been  obtained  for  use  in  screening 
a  cDNA  library. 
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SUMMARY  OF  WORK  (Use  iitngtra  unnoucto  type  Do  noi  aicMtf  tne  sptce  proviOaa ) 

The  present  project  continues  to  address  the  characterization  of  iodide  transport  in 
thyroid.  The  cxirrent  emphasis  is  to  clone  proteins  in  thyroid  that  are  involved  in  the 
transport  of  iodide  across  the  membrane.  This  project  involves  the  use  of  rat  thyroid 
cells  in  culture,  and  the  use  of  cells  that  are  iinable  to  transport  iodide;  these  cells  are 
transfected  with  specific  clones  enabling  them  to  transport  iodide. 

Selection  of  the  initial  clones  was  based  on  the  property  of  stilbene  binding,  since 
stilbenes  interact  with  iodide  transport.  These  clones  were  transfected  into  COS-7 
cells  and  to  non-iodide  transporting  thyroid  cells.  The  results  using  these  methods 
show  that  the  transfected  cells  do  not  demonstrate  the  major  iodide  uptake  system  of 
thyroid,  but  rather  the  property  involved  relates  to  add/base  regidation  and 
maintenance  of  internal  pH.  The  transfected  cells  have  characteristics  of  pH- 
dependent  loss  of  iodide.  The  effort  to  clone  the  major  iodide-transport  protein  has 
led  to  the  use  of  a  different  approach.  These  new  methods  depend  on  RNA-expression 
libraries.   Initial  studies  are  complex  and  time-consuming  but  offer  a  promising 
approach  to  further  understand  iodide  transport.   Furthermore,  in  co-ordination 
with  Dr.  Ashwell,  this  laboratory  is  completing  work  involving  the  glycosylation  of 
thyroglobulin,  the  major  secretory  product  of  thyroid.  These  studies  show  that 
thyroglobulin  glycosylation  is  TSH-regxilated,  plays  a  role  in  some  forms  of 
congenital  goiter,  and  finally  is  essential  to  iinderstand  critical  aspects  of  thyroid 
hormone  formation.   Finally,  biochemical  studies  on  thyroid  tissue  from  iodine- 
deficiency  goiters  relate  iodine  utilization,  growth  and  thyroid  hormone  synthesis. 
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NCI  (D.  Singer);  U.  Texas  Galveston  (B.  Prabhakar);  Baylor  U,  Houston  (F.  Ledley);  U.  MD  (WA.  Valente);  To^o 
Women's  U,  Tokyo,  Japan  (O.  Isoiaki);  U.  of  Kyoto,  Kyoto,  Japan  (T.  Mori);  French  CNR,  Paris,  France  (J.  Charrier). 
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Laboratory  of  Biochemistry  and  Metabolism 
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Section  on  Cell  Regtolation 


INSTITUTE  AND  LOCATION 


NIDDK,  Nm,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS 
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PROFESSIONAL      _  - 


OTHER      ^   ^ 


CHECK  APPROPRIATE  BOX(ESl 

D  (a)  Human  subjects  D  (b)  Human  tissues  09  (c)  Neither 

D   (a1)  Minors 
D   (a2)  Interviews 


SUMMARY  OF  WORK  (Use  sitnaara  unreaucea  Type  Do  noi  ticeed  me  space  provioao ) 

This  laboratory  is  studying  the  structure-function  relationships  of  the  th3a"otropin 
(TSH)  receptor,  the  involvement  of  this  receptor  in  autoimmune  thyroid  disease,  as 
well  as  the  relationship  between  thyroid  autoimmune  diseases  and  other  organ- 
specific  autoimmxine  diseases,  i.e.  Lupus  or  diabetes.  We  compare  structure/ 
function  of  the  TSH  receptor  to  other  glycoprotein  hormone  receptors  and  evaluate 
the  interdependent  regulation  of  th)rroid  function  and  growth  by  the  TSH  receptor 
and  receptors  for  other  ligands:  gonadotropins,  adrenergic,  cholinergic,  insxdin, 
insulin-like  growth  factors  (I  and  II),  fibroblast  growth  factors,  hydrocortisone, 
thyroid  hormones,  piuinergic,  bacterial  toxins  (cholera,  pertussis,  tetanus),  inter- 
feron, and  interleukins.  Particular  attention  is  given  to  identifying  determinants  on 
the  receptors  important  for  TSH  and  receptor  autoantibody  binding  and  signal  trans- 
duction, as  well  as  the  transcriptional  and  posttremscriptional  mechanisms  by 
which  TSH  and  the  other  receptors  affect  thyroid  gene  expression.  The  relationship 
between  oncogene  tremsformation,  the  development  of  autoimmunity,  and  the  loss  of 
normal  regulation  of  thyroid  function  and  growth  is  applied  to  understanding  why 
thyroid  tvmiors  and  adenomas  develop.  We  relate  the  role  of  different  signal  trans- 
duction mechanisms  -  cAMP,  Ca/  phosphoinositide  and  arachidonate  -  to  thyroid 
cell  growth  and  differentiation,  including  thyroid  hormone  formation.  We  evaluate 
the  role  of  membrane  lipids  in  regulation  of  TSH  receptor  expression,  LDL  receptor 
expression,  and  cholesterol  biosynthesis.  We  study  the  role  of  major  histocompati- 
bility antigens  in  the  development  of  autoimmune  thyroid  diseases  and  organ 
specific  immune  diseases.  These  studies  combine  a  molecular  biology,  cell  biology 
and  monoclonal  antibody  approach.  A  long  term  continuing  project  involves  the 
development  of  thyroid  cells  which  can  grow  in  continuous  cialture  in  vitro  and  act 
as  models  of  endocrine  and  thyroid  disorders. 
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PROFESSIONAL 
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CHECK  APPROPRIATE  BOX(ES) 

n  (a)  Human  subjects  D  (b)  Human  tissues  DQ  (c)  Neither 

D   (ai)  Minors 
D   (a2)  Interviews 


SUMMARY  Of  WORK  (Use  sttnatrg  unreOucta  type  Do  nol  eiceetf  me  space  provioao ) 

The  research  of  this  laboratory  involves  analysis  of  complex  cellular  pathways 
through  biochemical  genetics. 

The  primary  defect  in  FDl.3.25,  a  Chinese  hamster  ovary  (CHO)  cell  mutant 
exhibiting  genetically  dominant  aberrations  in  endocytosis  and  secretion,  appears  to 
reflect  a  single  nucleotide  substitution  in  one  of  the  two  alleles  encoding  the  glycolytic 
enzyme  glyceraldehyde  3-phoophate  dehydrogenase.  The  mutant  polypeptide  was 
originally  identified  on  the  basis  of  its  persistent  association  with  microtubule 
preparations,  also  shown  to  be  a  genetically  dominant  trait;  this  correlates  with  the 
abnormal  association  of  both  late  endosomes  and  secretory  vesicles  with  microtubules 
observed  in  FDl.3.25.  Studies  directed  toward  elucidation  of  the  interactions  among 
microtubules,  vesicles  and  the  mutant  polypeptide  have  been  initiated. 

CHBll.1.3,  isolated  in  this  laboratory,  like  other  CHO  cell  mutants  utilizing  poly- 
prenol  rather  than  dolichol  in  lipid-dependent  N-linked  glycosylation  reactions, 
shows  its  greatest  deficit  with  respect  to  synthesis  of  the  nonamannosyl  oligosacchar- 
ide. Recent  resxilts  may  prove  significant  in  uncovering  the  relationship  between  the 
structure  of  the  lipid  and  the  nature  of  the  oligosaccharide  synthesized.  First,  it  has 
been  shown  in  CHBll.1.3  and  two  independent  dolichol  mutants  supplied  by  others, 
that  the  synthesis  of  nonamannosyl  oligosaccharide  is  restored  by  shifting  the  cells  to 
Oo.  Second,  a  phenotypic  revertant  of  CHBll.1.3,  RRl.3.4,  is  the  only  one  described  to 
date  exhibiting  restoration  of  dolichol  synthesis;  RRl.3.4  accomplishes  this  through 
overproduction  of  polyprenol. 
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sUUMARY  OF  WORK  (■Use  srandj^O  t/n'eoucBp  rype  Do  not  etceeH  the  space  firovioedj  .  i      .  •       j.\.      i-p  i 

Transport  across  The  nucTear  membrane  Ts  riecessary  at  several  steps  in  the  life  cycle 
of  HIV.  Once  in  the  cytoplasm,  the  viral  RNA  is  converted  to  double  stranded  DNA 
which  must  enter  the  nucleus.  Viral  regulatory  proteins  enter  the  nucleus  while 
viral  transcripts  are  exported  into  the  cytoplasm.  The  viral  REV  protein  has  been 
identified  as  a  key  regtilator  of  transport  of  HIV  envelope  mRNA.  Several  approaches 
have  been  taken  to  understand  how  REV  may  function.  Cell  lines  are  being  prepared 
which  express  a  REV/glucocorticoid  receptor  chimera  which  enters  the  nudeus  in 
an  inducible  fashion;  these  cell  lines  also  contain  a  construct  containing  a  REV 
response  element  controlling  expression  of  a  chloramphenicolacetyltransferase 
(CAT)  gene.  This  will  allow  CAT  expression  to  be  conveniently  followed  allowing  a 
direct  measure  of  export  of  CAT  mRNA  into  the  C3rtoplasm.  A  meeins  has  also  been 
devised  for  generating  nuclei  in  vitro  around  exogenously  added  DNA.  The  method 
uses  extracts  from  Xenopus  laevis  eggs.  The  nuclei  assembled  in  such  extracts 
mimic  interphase  nuclei  in  many  ways  and  carry  out  active  nuclear  transport.These 
preparations  allow  examination  of  the  mechanism  of  REV  action  and  the  movement 
of  other  molecules  involved  in  the  HIV  life  cycle.  In  other  studies,  the  structure  of  the 
nuclear  pore  has  been  examined.   The  nuclear  pore  requires  glycoprotein  compon- 
ents for  proper  morphology  and  function.  Previous  studies  indicate  that  overexpres- 
sion  of  nuclear  pore  glycoproteins  may  be  toxic  to  cells.  To  circumvent  these 
problems,  the  cDNA  encoding  the  major  nuclear  glycoprotein  p62  has  been  placed 
tinder  the  control  of  a  glucocorticoid  responsive  expression  vector.  By  expressing  the 
sense  and  antisense  constructs,  it  should  be  possible  to  study  the  effects  of  suppres- 
sion or  overexpression  of  this  nuclear  pore  component.  A  ntimber  of  the  components 
of  the  pore  complex  have  now  been  molecularly  cloned.  Understanding  how  retro- 
viral products  cross  the  nuclear  envelope  is  critical  to  attempts  to  regtilate  or  inhibit 
the  critical  steps  in  the  HIV  life  cycle. 
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SUMMARY  OF  WORK  (Use  stenaera  unreduced  type  Do  not  eiceed  the  space  provioed  ) 

The  ability  to  measure  directly  the  forces  between  membranes  or  between 
macromolecuies  is  creating  a  new  logic  for  thinking  about  molecular  recognition, 
assembly,  and  folding.  The  outstanding  feature  of  interaction  is  that  as  molecules  or 
membranes  approach  contact,  the  important  work  of  approach  involves  removal  of 
organized  water  solvent  from  the  apposing  surfaces.  These  "hydration  forces"  are 
now  recognized  to  act  in  materials  as  diverse  as  lipid  bilayers,  proteins,  DNA  double 
helices.and  stiff  polysaccharides. 

During  the  current  year  a  first  direct  measurement  of  forces  between  protein 
molecules  (type  I  collagen  triple  helices)  has  been  done.  It  has  been  shown  that  the 
force  has  all  the  features  characteristic  of  hydration  forces.  The  temperatvu-e 
dependence  of  the  force  is  similar  to  that  observed  in  ordered  arrays  of  DNA 
molecules.  This  shows  that  physical  natiire  of  temperature-favored  assembly  in 
DNA  and  proteins  might  be  similar.  Temperature-favored  assembly  is  a  common 
feature  of  many  biologically  important  processes. 

A  theory  of  temperature-favored  assembly  induced  by  attractive  hydration 
forces  between  hydrophilic  molecules  has  been  developed.  Measurment  of 
interaction  forces  between  dihexadecyldimethylammonium  acetate  bilayers  has 
demonstrated  that  neither  thermal-mechanical  undulations  nor  molecular 
protrusions  contribute  significantly  to  hydration  forces  between  hpid  bilayers. 

A  dependence  of  hydration  forces  between  DNA  molecxiles  on  solution  ion 
composition  has  been  studied. 

An  unusual  H  -L  -H  double  phase  transition  induced  by  variation  of  water 
concentration  in  lipid/water  mixtures  has  been  observed  and  explained. 

A  theoretical  model  relating  hydration  forces  and  phase  transitions  on  the 
surfaces  of  interacting  molecules  has  been  suggested. 
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SUMMARY  OF  WORK  (Use  sienaera  unreOucea  type  Do  not  exceed  the  spece  provided ) 

Through  the  use  of  osmotic  stress,  the  regulatory  effect  of  chloride  ions  on 
hemoglobin  function  has  been  reexamined  explicitly  including  water  efifects.  Instead 
of  the  1.6  chloride  ions  generally  assumed  linked  to  oxygen  affinity,  it  now  appears 
that  the  direct  binding  of  only  one  ion  to  the  deoxy  state  is  linked,  while  the  rest  of  the 
effect  is  due  to  the  binding  of  65  extra  water  molecxoles  to  the  oxy  state.  This  result 
taking  into  account  hydration  effects  suggests  that  ligand  regulation  of  "allosteric 
proteins"  must  be  re-evaluated  with  new  regard  for  the  activity  of  water. 

The  peptide  alamethicin  inserted  into  bilayer  membranes  composed  of  lipids 
known  to  form  inverted  phases  of  different  spontaneous  radii  showed  a  clear 
correlation  between  the  lipid  spontaneous  curvature  and  the  relative  probabilities  of 
different  conductance  states  and  therefore  channel  structvires.  The  dependence  of 
ionic  chaimel  expression  on  the  packing  strain  in  lipid  bilayer  revealed  by  these 
experiments  suggests  an  active  role  for  membrane  lipid  composition  in  regulating 
membrane  protein  activity. 

Currents  through  fully  open  single  chaimels  formed  by  Staphylococcus  aureus 
alpha  toxin  were  subjected  to  fluctuation  analysis.  A  new  mechanism  of  excess  noise 
generation  in  an  ion  channel  was  identified  and  related  to  a  reversible  ionization  of 
residues  in  the  chaimel-forming  molecule.  The  reaction  parameters  and  the  nvmiber 
of  residues  participating  in  the  ionization  process  were  extracted.  The  ability  of  noise 
analysis  to  study  reactions  within  a  single  ionic  chaimel  demonstrates  the  potential 
power  of  the  technique  as  structural  tool  for  chaimel  function  analysis. 
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The  effect  of  small,  neutral  molecules  on  the  binding  of  sequence  specific  proteins  to 
DNA  is  being  studied  both  to  imderstand  the  energetics  underlying  this  important 
class  of  molecular  recognition  reactions  and  to  develop  a  method  for  stabilizing  the 
DNA-protein  complexes  of  activated  gene  complexes  for  structural  studies  using 
transient  electric  birefringence  and   dichroism. 

The  fundamental  interaction  of  sugars  with  DNA  and  proteins  has  been  probed 
through  their  influence  on  forces  measured  by  the  osmotic  stress  method  coupled 
with  x-ray  diffraction.   Sugars  are  preferentially  included  in  the  DNA  phase.  Inter- 
action coefiicients  scale  linearly  with  sugar  molecular  weight.  These  direct  force 
measurements  can  be  connected  with  experiment.  Both  the  B-Z  transition  of  poly 
(dG-dC)  and  the  molten  globule  -  random  coil  transition  of  myoglobin  show  osmotic 
sensitivities  that  also  scale  with  sugar  molecular  weight. 

The  osmotic  sensitivity  of  the  E.  coli  galactose  operon  repressor  binding  to  its  operator 
sequences  is  being  measured.  The  binding  of  2  repressors  at  sites  separated  by  about 
100  bp  is  necessary  for  function.  The  binding  of  the  first  is  accompanied  by  the  uptake 
of  some  25  extra  water  molecules;  while  the  binding  of  the  second  shows  the  release  of 
about  200  waters.  The  binding  of  the  first  appears  to  trigger  a  protein  conformational 
change  exposing  extra  surface  area;  while  the  binding  of  the  second  releases  this 
extra  bound  water  through  loop  formation  mediated  by  protein  interactions. 
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This  project  was  transferred  to  NICHD  as  of  September  30,  1990. 
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ANNUAL  REPORT 

THE  LABORATORY  OF  CELL  BIOLOGY  AND  GENETICS 

NATIONAL  INSTITUTE  OF  DIABETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 

The  Laboratory  of  Cell  Biology  and  Genetics  carries  on  a  broad  program  of 
investigation  into  exocrine  secretion  and  the  molecular  events  regulating 
these  processes.   Four  specific  tissues  have  been  studied:   chromaffin  cells, 
which  secrete  adrenaline,  ATP  and  endogenous  opiates;  pancreatic  beta  cells, 
which  secrete  insulin;  nerve  terminals  which  secrete  transmitters  and  colon 
carcinoma  cells  which  secrete  mucins  and  chloride.   These  studies  were  also 
carried  out  on  the  metabolism  of  ascorbic  aid,  with  an  aim  to  gathering 
insights  into  basic  questions  of  nutritional  needs  and  ascorbate  functions. 
The  following  studies  have  been  performed  in  pursuit  of  these  goals. 

I.   Molecular  Basis  of  Bxocytosis  from  Chromaffin  Cells  and  Beta  Cells 

A.  Pertussis  toxin  stimulation  of  catecholamine  release  from  adrenal 
medullary  chromaffin  cells:  mechanism  may  be  by  direct  activation 
of  L-type  and  G-type  calcium  channels. 

We  have  previously  shown  that  pertussis  toxin  (PTx)  stimulates 
delayed-onset,  [Ca2* ]o-dependent  catecholamine  (CA)  release  from 
bovine  chromaffin  cells.   We  now  show  that  this  effect  of  PTX  is 
inhibited  in  part  (50%)  by  dihydropyridine  Ca(2* )-channel  antagonists 
niludipine  and  nifedipine,  and  is  potentiated  by  the  dihydropyridine 
ca( 2* ) -channel  agonist  Bay  K-8644.   We  and  others  have  shown  that 
pretreatment  of  chromaffin  cells  with  PTX  results  in  enhanced 
catecholamine  secretion  in  response  to  high  [K+J^,  nicotine  and 
muscarine,  and  here  we  extend  these  observations  by  showing  that  toxin 
pretreatment  also  enhances  the  secretory  response  to  [Ba2*]o.   All 
these  data  are  consistent  with  the  concept  that  PTX  may  act  on  Ca2* 
channels.   To  exaunine  the  possibility  of  a  direct  action  of  the  toxin 
on  the  voltage-gated  L-type  Ca2*  channel  known  to  be  present  in  these 
cells,  we  studied  the  effects  of  the  toxin  on  whole  cell  Cai* 
currents.   We  found  and  report  here  that  spontaneous  electrical 
activity  was  considerably  increased  in  PTX-treated  cells.   Our 
measurements  of  whole  cell  inward  Ca2*  currents  indicate  that  the 
underlying  mechanism  is  a  marked  shift  of  the  activation  curve  of 
the  L-type  Ca2*  current  along  the  voltage  axis  toward  more  negative 
potentials.   While  treatment  of  the  cells  with  PTX  had  no  effect  on 
L-type  Ca (2 *) -channel  conductance  (6  nS/cell  at  2.6  mM  [Ca2*],). 
PTX  evoked  the  activation  of  a  new  class  of  Ca(2* )-selective  channels 
(5pS  in  25  mM  [ Ca2 * ] pipet ) ,  which  are  rather  insensitive  to  membrane 
potential. 

B.  Mixed  Nicotinic  and  Muscarinic  Features  of  Cholinergic  Receptor 
Coupled  to  Secretion  in  Bovine  Chromaffin  Cells. 

Acetylcholine  evokes  release  from  cultured  chromaffin  cells  by  a 
mechanism  that  is  believed  to  be  classically  nicotinic.   However, 
we  found  that  the  full  muscarinic  agonist  oxotremorine-M  (OXO~M) 
induced  a  robust  catecholamine  (CA)  secretion.   By  contrast, 
muscarine,  pilocarpine,  bethanechol  and  NcN-A-343  did  not  elicit 
any  secretory  response.   Desensitiration  of  the  response  to  nicotine 
by  OXO-M  and  that  of  OXO-M  by  nicotine  suggest  that  both  drugs  are 
acting  at  the  same  receptor.   Additional  experiments  supporting  this 
conclusion  show  that  nicotine-induced  and  OXO-M-induced  secretion 
were  similarly  blocked  by  various  nicotinic  and  muscarinic 
antagonists.   In  addition,  secretion  induced  by  both  nicotine  and 
OXO-M  were  calcium  dependent,  and  were  accompanied  by  robust  uptake 
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of  45-(Ca**].   Equilibrium  binding  studies  showed  that  3-[H]  OXO-M 
bound  to  chromaffin  cell  membranes  with  a  K^  -  3.08  x  10'*M,  and  a  Hill 
coefficient  of  1.0,  suggesting  one  binding  site  for  this  ligand. 
Nicotine  inhibited  OXO-M  binding  in  a  non-competitive  manner, 
suggesting  that  both  ligands  bind  at  two  different  sites  on  the  same 
receptor.   We  propose  that  the  receptor  in  bovine  chromaffin  cells 
that  is  coupled  to  secretion  represents  an  unusual  cholinergic 
receptor  that  has  both  nicotinic  and  muscarinic  features. 

C.  Sigma  Receptors  Inhibit  Nicotine  Receptor-Stimulated  Responses  In 
Adrenal  Chromaffin  Cells 

The  physiological  role  of  the  putative  sigma  (6)  receptor  is  unknown. 
Phencyclidine  (PCP)  and  phenothiazines  with  moderate  to  high 
affinities  for  the  £  site  also  non-competitively  inhibit  ['H] 
perhydrohistrionicotoxin  binding  to  the  nicotinic  receptor-coupled 
inophore  (Int.  Rev.  Neurobiol..  30;1.  1988) .   Since  PCP  also  inhibits 
nicotine  (NIC) -stimulated  catecholamine  (CA)  release  in  adrenal 
medullary  chromaffin  cells  (Neuroscience  25:687,  1988),  we 
hypothesized  that  these  effects  were  mediated  by  £  receptors.   We  now 
report  that  £  receptor  ligands  reversibly  and  non-competitively 
inhibit  NIC- stimulated  CA  release  from  bovine  adrenal  chromaffin 
cells.   These  effects  are  both  concentration-dependent  and 
stereoselective.   The  inhibition  of  NIC-stimulated  CA  release  is 
paralleled  by  an  inhibition  of  NIC-stimulated  increases  in  [Ca^']i. 
This  inhibition  by  fi  ligands  such  as  (+)  pentazocine  (PEN)  does  not 
appear  to  be  mediated  by  either  opiate  or  dopeunine  receptors. 
Further,  the  inhibitory  effects  of  {+)    PEN  are  not  observed  when 
other  secretagogues,  such  as  histamine  or  barium  are  employed.   A 
pharmacological  profile  consistent  with  the  haloperidolsensitive 
fi  receptor  is  observed  using  ['H]3-(3-hydroxyphenyl)-N-(-l-propyl)- 
piperidine  (3-PPP)  binding  assays.   Moreover,  when  ('H]3-PPP  binding 
is  performed  in  the  presence  of  physiological  salts,  the  apparent 
affinities  of  fi  ligands  were  reduced  to  values  effective  in 
catecholamine  release  assays.   These  data  demonstrate  that  a  £ 
receptor  modulates  nicotinic  receptor-stimulated  responses  in  the 
adrenal  chromaffin  cell  system.   Thus,  this  report  is  the  first 
demonstration  of  a  cellular  role  for  the  £  receptor. 

D.  Osmotic  Strength  Differentiates  Between  Two  Types  of  Calcium 
Transport  Pathways  Regulating  Catecholamine  Secretion  From 
Cultured  Bovine  Chromaffin  Cells 

Calcium  transport  and  catecholamine  secretion  was  measured  in 
cultured  bovine  chromaffin  cells.   Calcium  ions  which  entered  the 
cells  following  stimulation  with  either  nicotine  or  50  mM  KCl  (high 
potassium)  triggered  catecholamine  release,  but  then  inactivated  the 
secretory  process.   The  nicotine  and  the  high  potassium- induced 
calcium  transport  mechanisms  were  mechanistically  distinct,  but 
functionally  dependent  on  each  other.   The  specific  evidence  is  that 
whereas  the  high  potassium-induced  Ca^"  influx  was  found  to  be 
inhibited  by  hyperosmotic  medium,  the  nicotine-stimulated  calcium 
influx  was  unaffected  under  these  conditions.   High  potassium  and 
nicotine-stimulated  catecholamine  release  were  also  differently 
affected  by  hyperosmotic  medium.   While  potassium-stimulated 
catecholamine  release  was  profoundly  inhibited  by  hyperosmolar ity, 
nicotine-stimulated  release  was  only  moderately  inhibited. 
Sequential  treatments  of  cells  with  nicotine  and  high  potassium, 
under  isotonic  physiological  conditions,  indicate  that  there  is  a 
functional,  biochemical  communication  between  the  otherwise 
mechanistically  distinct  calcium  channels.   Calcium  ions  which  were 
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found  to  inactivate  these  channels  may  be  the  basis  for  such 
coomunication. 

Camp  and  ATP  Differentially  Affect  Activity  and  Cooperativity  of 
Lipocortin-1  (Annexin-I)  Driven  Chromaffin  Granule  and  PS  Liposome 

Lipocortin  I  and  other  members  of  the  annexin  gene  family  have  been 
reported  to  share  homology  with  a  limited  portion  of  the  1st 
nucleotide  binding  fold  (NBF)  domain  of  the  cystic  fibrosis 
transmembrane  regulator  (CFTR).   We  find  that  ATP  blocks  lipocortin- 
driven  granule  aggregation,  but  that  both  AMP  and  GTP  are  inactive. 
ATP  also  blocks  both  the  rate  and  the  extent  of  liposome  aggregation, 
but  leaves  lipocortin  cooperativity  (n^'ca.  2)  unaffected. 
Lipocortin-I  driven  granule  aggregation  can  be  activated  by  cAMP,  but 
not  cGMP.   Upon  testing  with  PS  liposomes  we  noted  that  cAMP 
increases  the  cooperativity  of  lipocortin-I  by  2-3  fold.   We  thus 
conclude  that  ATP  blocks  activity,  but  that  cAMP  modulates  protein 
cooperativity.   These  data  thus  appear  to  be  consistent  with  the 
previously  detected  CFTR/annexin  homology  in  the  NBF  domain,  and 
suggest  a  parallel  functional  relationship  as  well. 

Synexin:   A  Target  Protein  For  Toxic  Effects  of  Cyclosporin 

Immunosuppressant  drugs  such  as  cyclosporin  (CsA)  and  FK506  act  on  T 
cells  and  exert  immune  and  non-immune  toxic  side  effects  by 
mechanisms  which  remain  poorly  understood.   Both  drugs  are  presumed 
to  act  at  the  nuclear  level.   However,  recent  studies  on  exocytosis 
from  T  cells,  mast  cells  and  beta  cells  from  islets  of  Langerhans 
have  also  pointed  to  the  actions  of  both  drugs  on  exocytctic 
secretion  at  some  site  after  calcium  entry.   Synexin  (Annexin  VII)  is 
a  calcium  binding  protein  with  calcium  channel  and  membrane  fusion 
properties,  which  has  been  proposed  as  a  mediator  of  roembrabe  fusion 
during  exocytosis  (Pollard,  Burns,  and  Rojas,  J.,  Membrane  Biology, 
117:101-112,  1990).   Since  synexin  is  thought  to  promote  membrane 
contact  and  fusion  after  the  entry  of  calcium,  we  considered  the 
possibility  that  these  drugs  might  be  acting  on  synexin.   We  found 
that  in  the  presence  of  calcium,  both  CsA  and  FK506  are  potent 
inhibitors  of  synexin  driven  chromaffin  granule  aggregation,  with 
K,,app  values  of  3.2  uM  (ca.  4  ug/ml)  and  7  uM  (ca.  5  ug/ml), 
respectively.   The  mechanism  of  synexin  action  on  the  aggregation 
process  is  known  to  involve  calcium-dependent  self-association  of 
synexin  monomers  into  active  dimers  and  higher  order  xjltimers,  and 
selective  binding  of  the  active  synexin  molecules  to  target  acidic 
phospholipids.   However,  10  ug/ml  (8.3  uM)  CsA  had  no  effect  on  self- 
association  of  synexin,  as  estimated  by  a  quantitative  light 
scattering  assay.   Neither  did  the  drug  affect  synexin  driven 
aggregation  and  fusion  of  liposomes  prepared  from  pure 
phosphatidylserine.   We  therefore  concluded  that  the  mechanism  of  CsA 
action  on  synexin  involved  a  specific  aspect  of  the  interaction  of 
synexin  with  the  secretory  granule,  per  se.   To  help  distinguish 
between  possible  principal  action  of  CsA  on  either  synexin  or 
granules,  we  treated  isolated  chromaffin  granules  with  10  ug/ml 
CsA,  washed  away  the  drug,  and  then  tested  the  treated  granules  for 
competence  as  a  synexin  substrate.   We  found  that  these  granules  were 
as  active  as  control  granules,  and  therefore  concluded  that  the  site 
of  action  of  CsA  on  the  system  was  most  likely  on  synexin.   As  a 
control,  we  also  investigated  the  possible  action  of  CsA  and  FK  506 
on  the  homologous  annexin,  lipocortin  I  (annexin  I).   Lipocortin  I 
also  aggregates  chromaffin  granules  in  the  presence  of  calcium,  but 
CsA  had  no  apparent  effect.   We  take  these  data  to  indicate  that  the 
toxic  side  effects  of  both  CsA  and  FK506  may  be  effected  by  action  on 
synexin  driven  processes.   Consistently,  the  range  of  inhibition  of 
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•ynexin  by  CsA  is  at  the  high  and  of  the  therapeutic  window  for  this 
drug.   By  contrast,  FK506  acta  aa  an  imnunoBuppreaaant  drug  at  10- 
100-fold  lower  concentrations,  and  ao  ia  relatively  free  of  the 
consequences  of  toxic  side  reactions  mediated  by  inhibition  of 
synexin.   This  insight  may  also  prove  valuable  for  the  design  of 
other  ianunosuppressant  drugs  in  the  CsA/FK506  class,  since  the 
inhibitory  action  of  these  drugs  on  synexin  may  be  a  useful  in  vitro 
index  of  toxicity. 

G.   Synexin  (Annexin  VII),  Calcium,  and  the  'Hydrophobic  Bridge 
Hypothesis"  for  Membrane  Fusion  During  Bxocytosis 

Exocytosis  is  the  general  process  by  which  secretory  granules  fuse  to 
plasma  membranes  and  release  stored  enzymes,  hormones  or 
neurotransmitters  to  the  extracellular  medium.   In  many  cell  types, 
including  chromaffin  cells  to  which  vre  have  devoted  particular 
attention,  the  process  is  activated  by  increased  intracellular 
calcium  concentration,  and  the  resulting  membrane  fusion  event  may  be 
facilitated  by  intiacellular  calcium  binding  proteins.   Our  recent 
studies  have  supported  the  concept  that  synexin  (annexin  VII)  may  be 
a  compelling  candidate  for  such  a  facilitating  protein;   and  that 
once  activated  by  calcium,  synexin  can  itself  drive  the  membrane 
fusion  process.  Based  on  the  ability  of  synexin  to  form  calcium 
channels,  and  on  the  results  of  molecular  modelling  and  computer 
simulation,  we  have  suggested  that  upon  activation  by  calcium  synexin 
binds  to  and  penetrates  acidic  phospholipid-rich  target  membranes. 
Furthermore,  inasmuch  as  synexin  can  also  form  polymers  in  the 
presence  of  calcium,  we  have  suggested  that  activated  synexin 
oligomers  begin  the  fusion  process  by  forming  hydrophobic  crosslinks 
between  target  membranes.   We  have  termed  this  concept  "the 
hydrophobic  bridge"  hypothesis  for  membrane  fusion.   Our  present 
understanding  of  the  mechanism  of  this  process  indicates  that  the 
intimate  interactions  between  the  hydrophobic  synexin  molecules  and 
the  membranes  occur  as  follows:  calcium-activated  synexin  molecules 
first  make  specific  contact  with  the  head  groups  of  the  acidic 
phospho-lipid  on  the  bilayers.   Thereafter,  the  highly  hydrophobic 
protein  becomes  enveloped  by  hydrophobic  fatty  acid  chains  from  the 
bilayer  interiors.   This  mechanism  takes  advantage  of  the  fact  that 
the  lipid  chains  have  essentially  liquid-like  mobility  within  the 
confines  of  the  bilayer,  and  approach  the  bilayer-water  interface 
with  high  probability.   We  have  calculated  that  fusion  by  this 
mechanism  could  take  as  little  as  4  microseconds,  thus  allowing 
substantial  time  for  other  intervening  biochemical  and  physical 
events. 

H.   Images  of  Synexin  in  Rat  Brain:   Heterogeneous  Distribution  Within 
Limbic  Structures  As  Determined  By  Computer-Enhanced  Neuro- 
Immunocytochemistry 

Synexin  (Annexin  VII)  is  a  calcium-binding  protein  with  m«nbrane 
fusion  and  calcium  channel  properties,  which  occurs  in  brain  with  an 
additional  specific,  cassette-exon  defined  domain  of  22  amino  acids 
edited  into  the  unique  N-terminal  region.   The  exact  function  is  knot 
known,  but  we  report  here  that  an  affinity  purified  polyclonal 
antibody  directed  against  the  22  residue  peptide  from  human  brain 
synexin  is  heterogeneously  distributed  in  the  rat  brain.   The 
specific  localization  includes  (1)  hippocampal  pyramidal  cells  in  CAl 
and  CA3,  granule  cells  of  the  dentate  gyrus,  and  Schaffer  collaterals 
which  are  axonal  projections  of  CA3;   (2)  cingulate  cortex,  layers  2- 
6;  (3)  somatosensory  cortex,  layers  2-6,  including  heterogeneous 
column-like  structures;   (4)Thalamus,  including  ventromedial  lateral 
(VML)  and  ventral  posterior  medial  (VPM)  nuclei,  which  are  motor 
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projections  to  the  motor  cortex;   (5)  anone  in  the  corpos  callosum; 
(6)  the  lateral  habenula,  which  is  primarily  dopamine  cells  and  which 
shares  with  inferior  colliculus  the  highest  intensity  of  deoxyglucoae 
metabolism  in  rat  brain;  (7)  the  ventral  aspects  of  the  pars 
reticularis  of  the  substantia  nigra,  which  contains  GABA-ergic 
terminals  from  neurons  in  the  caudate-put amen;  and  (8)  axons  in  the 
corpus  callosum.   A  second  polyclonal  antibody  against  a  peptide  from 
the  C-terminal  domain  of  synexin  prepared  in  a  different  animal  gave 
nearly  identical  distribution  in  rat  brain.   High  power  views 
demonstrate  unambiguously  that  synexin  is  enriched  in  neuronal  sonata 
and  axons.   He  conclude  that  there  seems  no  evidence  for  molecular 
heterogeneity  in  synexin  distr'bution  in  rat  brain,  and  that  the 
distribution  seems  limited  to  specific  regions  of  the  limbic  system 
and  axons.   An  implication  of  this  study  is  that  the  synexin  molecule 
may  play  a  role  in  fundamental  processes  underlying  emotions, 
learning,  and  memory.   Hovrever,  the  possible  involvement  of  synexin 
in  cognitive  dysfunction  associated  with  the  aging  nervous  system 
remains  to  be  elucidated. 

I.   Leucine  -  Induced  Insulin  Secretion 

Leucine  is  known  to  enhance  insulin  secretion  from  islets  of 
Langerhans,  and  insulin  promotes  leucine  uptake  in  peripheral 
tissues.   The  present  studies  were  designed  to  elucidate  the  effects 
of  leucine  on  glucose  responsiveness  and  stimulus  secretion  coupling 
in  mouse  islets  of  Langerhans.   The  effects  of  20  mM  leucine  on 
insulin  secretion  and  membrane  potential  were  studied  over  a  range  of 
glucose  concentrations  (0.27.7  mM) .   Microdissected,  perfused 
pancreatic  islets  from  normal  adult  mice  were  used  for  both  studies 
of  insulin  secretion  and  electrophysiology  in  order  to  make  a  close 
comparison  between  these  measurements.   Leucine  enhanced  the  insulin 
secretion  in  the  presence  of  5.6,11.1,  and  22.2  mM  glucose.   In  the 
presence  of  leucine,  27  mM  glucose  inhibited  insulin  secretion.   In 
the  absence  of  glucose-leucine  did  not  induce  electrical  activity  of 
the  beta  cell  membrane,  whereas  the  presence  of  5.6,11.1,  and  22.2  mM 
glucose  leucine  increased  spike  frequency.   Thus,  leucine  shifts  both 
the  glucose-dependent  insulin  secretion  and  electrical  activity 
toward  lower  glucose  concentrations.   It  is  concluded  that  leucine 
and  glucose  share  a  common  metabolic  pathway  (citric  acid  cycle)  for 
stimulatory  effects.   Leucine  is  deaminated  to  form  2-ketoisocaproic 
acid  (KIC)  and  produce  NH4-(-.   We  propose  that  in  the  absence  of 
glucose  this  increases  cytosolic  pH,  which  in  turn  increases  K+ 
permeability,  and  inhibits  electrical  activity  and  insulin  secretion. 

II.   Neurotransmitter  Release  Mechanisms 

A.  Endoplasmic  Reticulum  as  a  Source  of  Ca2*  in  Neurotransmitter 
Secretion 

Depolarization  of  the  synaptosomal  membrane  by  a  rapid  elevation  of 
[K^JO  induces  secretion  of  adenosine-5' -triphosphate  (ATP)  as  vrall  as 
the  specific  neurotransmitters.   In  addition  to  the  classical 
[ Ca2 * } 0-dependent  mode,  we  have  found  that  ATP  secretion  also 
occurred  in  the  absence  of  extracellular  calcium  [(Ca2*]0  less  than  1 
microM).   The  extent  of  both  modalities  of  secretion  depended  on 
membrane  potential,  and  the  (Ca2-«-]0-dependent  secretion  proceeded  at 
a  rate  that  was  substantially  smaller  than  that  of  the  (Ca2*]0- 
dependent  mode  at  all  membrane  potentials  examined.   We  propose  that 
intracellular  stores  may  provide  the  Ca2*  required  for  exocytosis  in 
the  [Ca2* ]0-independent  mode  of  ATP  secretion.   To  test  this 
hypothesis,  we  searched  for  the  presence  of  Ca (2 *) -release  channels 
gated  by  intracellular  messengers  in  our  synaptosomal  preparation. 
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We  fused  membrane  vesicles  from  lysed  synaptosomes  with  acidic 
phospholipid  bilayers  formed  at  the  tip  of  a  patch  pipette  and  found 
that  these  membranes  contained  a  Ca(2-«-) -selective  channel.   The 
properties  of  this  channel  resemble  those  of  the  Ca(2-*-) -release 
channel  reconstituted  from  sarcoplasmic  reticulum  membrane  vesicles. 
These  include  size  of  the  single  open-channel  conductance  (75  pS  Cs-»- 
as  the  main  current  carrier),  activation  by  adenine  nucleotides 
(ATP),  ryanodine  and  caffeine,  and  inhibition  of  ruthenium  red. 

B.  Quantitative  Analysis  of  Depolarization-Induced  ATP  Release  from 
Mouse  Synaptosomes;   External  Calcium  Dependent  and  Independent 
Processes 

He  and  others  have  shovm  previously  that  ATP  is  secreted  from  mouse 
brain  synaptosomes  following  depolarization  of  the  membrane  by  high 
[K],  and  the  time  course  can  be  monitored  accurately  by  measuring  the 
light  emitted  from  luciferin-luciferase  included  in  the  reaction 
medium.   In  the  present  work  we  have  evaluated  the  relative 
importance  of  [Ca^^],  and  membrane  potential  on  the  ATP  secretion 
process  by  modelling  the  time  course  of  ATP  release  under  different 
conditions.   After  correction  of  the  records  for  destruction  of 
released  ATP  by  synaptosomal  ecto-ATPase  activity,  we  found  that  ATP 
secretion  occurs  by  an  apparent  first  order  process.   We  also 
established  that,  in  addition  to  the  classical  [Ca^*  j^-dependent  mode. 
ATP  secretion  also  occurred  in  the  absence  of  extracellular  calcium) 
[Ca^*],  <  IpM).   Upon  lowering  the  extracellular  Ca^'^ -concentration, 
both  the  rate  and  the  extent  of  ATP  secretion  decreased.   To  assess 
the  contribution  of  membrane  potential  to  the  release  rate  we 
measured  ATP  secretion  at  membrane  potentials  determined  by 
extracellular  [K],  (or[Rb*},)  as  defined  by  the  distribution  of  the 
carbocyanine  dye,  diSC,(5).   Rate  constants  computed  from  measured 
secretion  curves  revealed  that  this  parameter  was  essentially 
independent  of  membrane  potential  in  the  absence  of  [Ca^*],.   Noise 
analysis  of  the  light  signal  showed  that  the  variance  increased  upon 
stimulation  by  high  [K*],,  suggesting  that  both  modes  of  secretion  are 
quantal.   Thus,  we  conclude  that  the  rate  of  ATP  secretion  from  nerve 
terminals  depends  upon  Ca^"^  entry  but  not  on  membrane  potential,  per 
se. 

Integration  of  Cytoplasmic  Calcium  and  Membrane  Potential 
Oscillations 

Pituitary  gonadotrophs  exhibit  spontaneous  low-amplitude  fluctuations 
in  cytoplasmic  calcium  concentration  ([Ca^*]|  due  to  intermittent 
firing  of  nifedipine-sensitive  action  potentials.   The  hypothalamic 
neuropeptide,  gonadotropin-releasing  hormone,  terminates  such 
spontaneous  (Ca^*]|  transients  and  plasma-membrane  electrical  activity 
and  initiates  high-amplitude  [Ca'"],  oscillations  and  concomitant 
oscillations  in  membrane  potential  (V„).   The  onset  of  agonist-induced 
[Ca^*]i  oscillations  is  not  dependent  on  V„  or  extracellular  Ca^*  but 
is  associated  with  plasma-membrane  hyperpolarization  interrupted  by 
regular  waves  of  depolarization  with  firing  of  action  potentials  at 
the  peak  of  each  wave.   The  V„  and  Ca^"  oscillations  are 
interdependent  during  continued  gonadotropin-releasing  hormone  action 
(>3-5  min),  when  sustained  Ca'"  entry  is  necessary  for  the  maintenance 
of  [Ca^"];  spiking.   The  initial  and  sustained  agonist-induced  Ca^* 
transients  and  V„  oscillations  are  abolished  by  blockade  of 
endoplasmic  reticulum  Ca^*-ATPase,  consistent  with  the  role  of  Ca^"^ 
re-uptake  by  internal  stores  in  the  oscillatory  response  during  both 
phases.   Such  a  pattern  of  synchronization  of  electrical  activity  and 
Ca^*  spiking  in  cells  regulated  by  Ca^" -mobilizing  receptors  shows 
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that  the  operation  of  the  cytoplasmic  oscillator  can  be  integrated 
with  a  plasma-membrane  oscillator  to  provide  a  long-lasting  signal 
during  sustained  agonist  stimulation. 

D.   Apamin-sensitive  Potassium  Channels  Mediate  Agonist-Induced 
Oscillations  of  Membrane  Potential  in  Pituitary  Gonadotrophs 

In  cultured  rat  pituitary  gonadotrophs,  gonadotropin-releasing 
hormone  (GnRH)  induces  rapid  hyperpolarixation  of  the  cell  membrane 
and  causes  cessation  of  the  spontaneous  electrical  activity  present 
in  non-stimulated  cells.   This  initial  response  to  GnRH  is  followed 
by  slow  oscillations  of  membrane  potential  (V„)  which  often  exhibit 
brief  bursts  of  action  potentials  (AP)  fired  from  the  peak  of  the 
oscillations.   The  hyperpolariration  waves  are  synchronous  with  GnRH- 
induced  elevations  of  cytoplasmic  Ca'*  concentration  ([Caj^Ji),  such 
that  V„  maxima  alternate  with  the  peak  values  of  [Ca**];.   The  V„ 
oscillations  result  from  repetitive  activation  of  apamin-sensitive  K* 
channels  by  cytoplasmic  Ca'*.   Thus,  GnRH  activation  of  Ca'* 
mobilization  can  generate  a  bursting  pattern  of  membrane  potential 
through  the  activation  of  K*  channels  against  a  background  of 
spontaneous  electrical  activity. 

III.   Protection  Against  Neuronal  Injury 

A.   A  Neurochemical  and  Behavioral  Disorder  Resembling  Parkinson's 

Disease  (PD)  Induced  in  the  Goldfish  by  MPTP  Protection  by  1-Deprenyl 
(DEPR)  But  Not  Clorgyline  (CLOR) 

Parkinson's  Disease  (PD)  has  been  modelled  in  humans  and  higher 
vertebrates  by  administration  of  the  neurotoxin  MPTP.   We  now  report 
that  PD  syndrome  can  be  uniquely  elicited  in  the  goldfish  by  MPTP. 
Mobility  was  measured  daily,  for  five  days,  in  the  goldfish  using  the 
Columbus  Activity  Meter.   The  total  distance  traveled,  time  of  rest, 
and  apparent  rate  of  motion  for  the  fish  were  measured  over  an 
observation  period  of  5  min  following  drug  treatments.  Monoamine 
oxidase  (MAO)  activity  was  measured  in  the  goldfish  brain  by  an 
established  radiometric  procedure.   As  in  the  primate  model, 
inhibition  of  MAO-B  with  1-DEPR  blocks  the  formation  of  the 
neurotoxic  metabolite  MPP*,  thereby  preventing  motion  deficits  and 
loss  of  catecholamines.   CLOR,  a  MAO-A-selective  drug,  failed  to 
achieve  similar  results.   We  conclude  that  the  MPTP-treated  goldfish 
provides  a  valuable  biological  system  for  the  analysis  of  neurotoxic 
and  neuroprotective  agents  having  relevance  to  MPTP-induced  PD 
syndrome . 

B.    Extracellular  Matrix  Permits  the  Expression  of  Von  Willerbrand's 
Factor,  Uptake  of  Di-Acetylated  Low  Density  Lipoprotein  And 
Secretion  of  Prostacyclin  in  Cultures  of  Endothelial  Cells  From 
Rat  Brain  Microvesjels 

Microvascular  endothelial  cells  from  the  adult  brain  were  cultured  on 
Matrigel  and  found  to  express  many  differentiated  properties 
including  secretion  of  prostacyclin  (PGIj)  and  von  Willebrand's  factor 
(vWF).   Brain  microvascular  endothelial  cells  (BMECs)  vere   purified 
by  dextran  and  percoll  gradients  after  enzymatic  treatment  and 
cultured  under  various  conditions.   BMECs  that  were  plated  on 
Matrigel  stained  positively  for  factor  Vlll-related  antigen  and 
incorporated  Di-I-acetylated  low  density  lipoprotein,  whereas  BMEC 
plated  on  fibronectin,  gelatin,  or  uncoated  dishes  did  not  express 
any  of  the  above  properties  which  are  characteristic  of  endothelial 
cells.   vWF  was  measured  by  a  sensitive  ELISA  in  the  culture  media  of 
BMECs  plated  on  different  types  of  matrices.   Specificity  of  the 
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*nti-human  vWF  antibodiea  for  the  rat  vWF  waa  varified  by 
iimunoabaorption  on  a  aolid  phase,  sodium  dodecyl  sulfate,  and 
Western  blot  analysis.   BMECs  also  secreted  vWF  into  the  culture 
medial  only  when  the  cells  were  plated  on  Matrigel,  and  this 
secretion  was  augmented  after  a  6  h  incubation  with  an  interleukin-1 
tumor  necrosis  factor-   mixture,  but  not  by  lipopolysaccharide. 
From  different  matrices  tested,  only  Matrigel  permitted  the  secretion 
of  PGI,  by  BMECs.   Cells  also  proved  to  be  sensitive  to  mechanical 
stimulation  and  became  refractory  to  secretagogue  if  the  mechanical 
stimulation  was  serially  repeated.   Dnder  the  best  conditions, 
stimulation  of  the  cells  with  bradykinin  ^1^M)    substantially 
increased  PGI,  secretion.   These  data  indicate  that  growth  of  BMECs  on 
Matrigel  in  vitro  permits  the  expression  of  classical  endothelial 
cell  markers  in  a  manner  similar  to  the  behavior  of  these  cells  in 
situ. 

IV.   Studied  on  Approaches  to  Treat  Cystic  Fibrosis 

A.   A^  Adenosine-receptor  Antagonists  Activate  Chloride  Efflux 
from  Cystic  Fibrosis  Cells 

A,  adenosine-receptor-antagonist  drugs  such  as  8-cyclopentyl-1.3- 
dipropylxanthine  (CPX)  and  xanthine  amine  congener  (XAC)  are  found  to 
activate  the  efflux  of  ''Cl'  from  CFPAC  cells.   These  cells  are  a 
pancreatic  adenocarcinoma  cell  line  derived  from  a  cystic  fibrosis 
(CF)  patients  homozygous  from  the  common  mutation,  deletion  of  Phe- 
508.   The  active  concentrations  for  these  compounds  are  in  the  low 
nanomolar  range,  consistent  with  action  on  A,  adenosine  receptors.   In 
addition,  drug  action  can  be  blocked  by  exogenous  agonists  such  as  2- 
chloroadenosine  and  also  can  be  antagonized  by  removal  of  endogenous 
agonists  by  treatment  with  adenosine  deaminase.   Cells  lacking  the  CF 
genotype  and  phenotype,  such  a  HT-29  and  T84  colon  carcinoma  cell 
lines,  appear  to  be  resistant  to  activation  of  chloride  efflux  by 
either  drug.   CFPAC  cells  transfected  with  the  CF  transmembrane 
regulator  gene,  CFTR,  are  also  resistant  to  activation  by  CPX.   We 
conclude  that  since,  these  antagonists  are  of  relatively  low  toxicity 
and  appear  to  act  somewhat  selectively,  they  might  be  considered 
promising  therapeutic  candidates  for  CF. 

B.    Flat  Embedding  and  Immuno label ling  of  SW1116  Colon  Carcinoma  Cells 

in  LR  White:   An  Improved  Technique  in  Light  and  Electron  Microscopy 

Human  SW1116  colon  carcinoma  cells  were  grown  on  matrix-covered 
coverslips  and  flat  embedded  in  specially  prepared  gelatin  capsules 
in  the  hydrophilic  resin  LR  White.   Dehydration  and  polymerization 
were  carried  out  so  as  to  maximize  preservation  of  antigenicity. 
Sections  were  cut  perpendicular  to  the  substratum.   To  visualize 
mucin,  semithin  section  of  SW1116  cells  %«ere  stained  with  periodic 
acid  Schiff  (PAS)  reagent  for  light  microscopy  and  ultrathin  sections 
were  labelled  with  a  monoclonal  mucin  antibody  (Mab  19-9  and 
immunogold  for  electron  microscopy.   Immunofluorescence  was  carried 
out  on  whole  cultured  cells  using  Mab  19-9.   The  morphological 
preservation  of  SW1116  cells  embedded  in  LR  White  was  comparable  to 
that  of  Epon-embedded  cells.   Mucin  was  localized  on  the  microvillar 
surface  of  the  apical  plasma  membrane  and  occasionally  in 
intercellular  spaces  between  adjacent  cells.   Mucin  was  also  present 
in  vesicles  in  the  apical  and  lateral  part,  and  to  a  lesser  extent  in 
the  basal  part  of  the  cells.   We  conclude  that  this  new  technology 
significantly  improves  the  morphological  preservation  of  cells  and 
tissues  in  LR  White,  while  also  serving  to  sustain  the  antigenicity 
of  cellular  antigens,  including  mucins. 
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C.  Intrinsic  Anion  Channel  Activity  of  the  Recombinant  First  Nucleotide 
Binding  Fold  Domain  of  the  Cystic  Fibrosis  Transmembrane  Regulator 
Protein 

The  first  nucleotide  binding  fold  (NBF-1)  from  the  cystic  fibrosis 
transmembrane  regulator  (CFTR)  has  been  expressed  in  the  bacteria  and 
found  to  bind  ATP  and  to  express  anion  channel  activity  when 
reconstituted  onto  a  planar  lipid  bilayer.   This  evidence  suggests 
that  the  NBF  forms  the  anion-selective  portion  of  the  CFTR  channel. 
He  also  found  that  the  recombinant  NBF-1  anion  channel  is  blocked  by 
ATP  (1  mM) ,  under  which  condition  it  appears  to  have  a  minimal 
conductance  of  «9  pS  and  an  ohmic  cux rent-voltage  relationship.   We 
further  found  that  the  recombinant  NBF-1  bearing  the  AF508  mutation 
has  nearly  identical  anion  channel  activity  to  that  of  the  wild-type 
protein  but  can  be  distinguished  from  wild-type  under  bianionic 
conditions  with  chloride  and  gluconate.   We  conclude  from  these  data 
that  the  anion  channel  activity  of  the  recombinant  NBF-1  could 
represent  all  or  part  of  the  anion  conductance  mechanism  of  CFTR  and 
that  the  role  of  the  A7P  binding  by  the  NBF  could  be  to  modulate  this 
anion  channel  activity. 

D.  Control  of  Mucus  Secretion  By  Phospholipase  A  Inhibitors 

Cystic  Fibrosis  (CF)  is  characterized  by  enhanced  secretion  and 
subsequent  accumulation  of  mucus  in  the  airways,  which  is  a  principal 
cause  of  morbidity  and  mortality  in  the  disease.   CF  mucus  has  also 
been  found  to  contain  high  levels  of  eicosanoide  (prostaglandins  and 
leukotriens,  which  further  induce  mucus  secretion  and  thus  exacerbate 
the  pathological  state.   Thus  CF  is  a  disease  of  aberrant  regulation 
of  secretion.   Phospholipase  A  (PLAj)  is  an  enzyme  present  in  cell 
membranes  which  plays  a  key  role  in  the  regulation  of  cellular 
secretion  and  in  the  production  of  eicosanoide.   It  is  therefore 
possible  that  this  enzyme  is  involved  in  the  regulation  of  mucus 
secretion,  and  that  inhibition  of  this  enzyme  might  provide  a  useful 
therapeutic  avenue  for  CF.   To  test  this  hypothesis  we  have  measured 
mucin  secretion  from  CF-derived  tracheal  epithelial  cells  (IB3),  and 
have  studied  the  possible  effect  of  3  PLA,  inhibitors  designed  and 
synthesized  in  the  laboratory  of  S.  Yedgar.   Mucin  secretion  was 
measured  by  determination  of  its  accumulation  in  the  culture  medium 
by  an  ELISA  assay  using  the  19-9  antibody  against  the  Lewis  a 
antigen.   We  found  that  IBS  cells  constitutively  secrete  considerable 
amounts  of  mucin  (up  to  1  ug/mg  cell  protein/hr),  and  that  this 
secretion  is  further  stimulated  by  arachidonic  acid.   As  anticipated, 
both  basal  and  stimulated  mucin  secretion  were  inhibited  profoundly 
by  the  PLA*  inhibitors.   We  have  interpreted  these  data  to  indicate 
that  PLA2  is  involved  in  regulation  of  mucins  from  IB3  cells,  and  that 
these  in'  ibitors  may  prove  useful  for  control  of  CF-related  mucus 
secretion. 

E.  Cyclic  AMP-independent  Secretion  of  Mucin  by  SW1116  Human  Colon 
Carcinoma  Cells  Differential  Control  by  Ca**  ionophore  A23187  and  m 
Arachidonic  Acid 

The  regulation  of  mucin  secretion  by  SW1116  human  colon  carcinoma 
cells  has  been  studied  using  monoclonal  antibody  19-9,  which  has 
previously  been  used  to  detect  mucin  in  the  serum  of  cancer  and 
cystic  fibrosis  patients.   We  found  that  SW1116  cells  constitutively 
secrete  considerable  amounts  of  mucin  as  the  predominant 
glycoprotein.   The  secretion  of  mucin  by  these  cells  is  independent 
of  cyclic  AMP  levels,  but  can  be  further  stimulated  by  the  Ca*^ 
ionophore  A23187.   However,  arachidonic  acid  and  its  metabolites 
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inhibit  mucin  secretion.   Electron  microscope  atudies  reveal  that  the 
mucin  is  located  near  the  plasma  membrane  as  well  as  in  vesicular  and 
lysosome-like  structures.   However,  the  secretion  pathway  of  mucin  is 
different  than  that  of  the  lysosomal  contents,  since  arachidonic 
acid,  while  inhibiting  mucin  secretion,  actually  activates  the 
secretion  of  the  lysosomal  enzyme  ^-glucuronidase.   We  suggest  that 
the  mechanism  of  mucin  secretion  by  SH1116  cells  occurs  by  a  pathway 
different  from  common  exocytosis,  and  possibly  by  more  than  one 
pathway.   The  response  of  mucin  secretion  by  SW1116  cells  to  common 
secretagogues  resembles  that  of  epithelial  cells  obtained  from  cystic 
fibrosis  patients.   Thus  SW1116  cells  are  an  especially  interesting 
system  for  studying  processes  related  to  pathological  states 
associated  with  excessive  constitutive  secretion  of  mucin,  such  as 
cystic  fibrosis. 

F.   Multiple  Potassium  and  Chloride  Channels  in  the  Human  Colon  Carcinoma 
Cell  Line  SW1116 

SW1116  cells  have  a  profound  capacity  for  secreting  mucin  molecules 
bearing  the  Lewis*  epitope.   Mucin  molecules  with  the  same  epitope 
have  been  found  to  be  elevated  in  the  serum  of  patients  with  cystic 
fibrosis,  a  disease  with  defective  ion  channels.   We  therefore 
decided  to  study  ion  channels  in  this  cell  line.   In  the  present 
work,  we  report  the  presence  of  two  K* -channels  and  two  CI'  channels 
in  the  apical  membrane  of  SW1116  cells.   One  of  the  K^-channels  has  a 
large  conductance  («278pS),  anomalous  rectifying  properties,  and  is 
inactivated  rapidly.    The  second  type  exhibited  a  linear  I/V  curve 
(19  pS),  was  voltage  insensitive  and  inactivation  was  not  observed. 
In  cell-attached  patches,  spontaneous  openings  of  chloride  channels 
were  seen  with  higher  frecjuency  than  previously  reported  in  other 
colon  carcinoma  cell  lines  or  airway  epithelial  cells.   Inside-out 
experiments  allowed  identification  of  two  different  Cl'-channels  (Cl'-l 
and  Cl'-2).   Both  exhibited  rectification,  but  in  opposite  directions, 
and  both  were  insensitive  to  NIPAB. 

Ascorbate  Function  in  Health  and  Disease 

The  goal  of  this  work  is  to  determine  optimal  ascorbic  acid  (vitamin 
C)  requirements  in  humans.   Vitamin  C  requirements  currently  are 
based  on  prevention  of  the  clinical  deficiency  disease  scurvy.   We 
developed  a  new  approach  to  vitamin  requirements,  called  in  situ 
kinetics,  so  that  vitamin  requirements  can  be  based  on  biochemical 
function  in  situ.   The  objectives  are  to  discover  and  characterize 
different  vitamin  C  biochemical  functions  in  situ,  to  learn  how  these 
functions  are  regulated  by  vitamin  C  concentrations,  and  to  determine 
whether  the  relevant  vitamin  C  concentrations  can  be  achieved  in 
humans . 

Several  model  systems  are  used  for  different  aspects  of  in  situ 
kinetics.  Regulation  of  norepinephrine  biosynthesis  in  adrenal 
medullary  chromaffin  granules  by  ascorbic  acid  was  used  to  test  the 
basic  concepts  of  in  situ  kinetics.   Neutrophils  were  used  as  one 
model  system  for  human  tissue.   Human  neutrophils  contain  mM  ascorbic 
acid,  but  its  function  is  unknown.   Before  function  can  be 
understood,  regulation  of  transport  and  intracellular  ascorbic  acid 
content  is  being  studied.   Human  fibroblasts  are  another  model 
system.   Ascorbic  acid  is  accumulated  by  fibroblasts  for 
hydroxylation  of  proline  and  lysine  in  pro-collagen.   Hydroxylation 
is  essential  for  stability  of  collagen.   Investigation  of  ascorbic 
acid  transport  in  fibroblasts  is  underway.   A  new  analytical 
technique  for  hydroxyproline  is  under  development.   The  laboratory 
previously  discovered  that  human  lymphocytes  contain  mM 
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concentrations  of  ascorbic  acid;  its  function  is  un)cnown.   To  solve 
this  problem,  we  began  experiments  using  the  molecular  genetics 
techniques  of  differential  hybridization  and  subtraction  cloning 
using  normal  human  lymphocytes  and  human  lymphocytic  tumor  cell 
lines.   Another  aspect  of  in  situ  kinetics  is  to  learn  what 
concentrations  of  ascorbic  acid  are  achieved  in  normal  humans,  so 
that  the  specific  enzymatic  and  chemical  reactions  which  utilize  the 
vitamin  can  occur.   As  a  prerequisite,  we  investigated  the  forms  of 
ascorbic  acid  in  human  plasma  and  senim,  and  whether  ascorbic  acid 
was  protein-bound  or  free  in  the  circulation.   Based  on  the  results 
of  these  studies,  a  long-term  clinical  study  was  begun.   It's  aim  is 
to  learn  for  the  first  time  what  concentrations  of  ascorbic  acid  are 
achieved  in  plasma  and  different  tissues  as  a  function  of  ascorbic 
acid. 
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Our  work  continues  to  focus  on  the  processes  leading  to  fusion  between  granule  and 
plasma  membranes  during  exocytotic  secretion  from  cells,  including  chromaffin 
cells,  beta  cells  from  Islets  of  Langerhans,  nerve  terminals,  and  mucin  secreting 
cells  from  tissues  affected  by  cystic  fibrosis.   The  contact  and  fusion  processes 
during  secretion  may  be  mediated  by  the  calcium  binding  protein  synexin  (annexin 
VII).   We  have  learned  that  this  protein  is  a  target  for^^-the  Immunosuppressant 
drugs,  cyclosporin  and  FK506,  and  that  it  is  heterogeneously  distributed  within  the 
nervous  system  and  elsewhere.   The  annexin  lipocortin  I  (annexin  I)  may  be  the 
mediator  of  barium  activated  secretion,  and  both  synexin  and  lipocortin  I  activity 
appear  to  be  modulated  by  nucleotides,  including  cAMP  and  ATP.   Endonexin  II 
(annexin  V)  has  been  shown  to  make  up  a  substantial  portion  of  the  matrix  vesicles 
used  to  create  new  bone,  and  to  be  the  pathway  for  allowing  calcium  to  be  laid  down 
at  the  appropriate  site.   Further  studies  on  secretion  of  neurotransmitters  have 
indicated  that  secretion  can  occur  independently  of  extracellular  calcium  stores, 
and  occurs  at  a  much  slower  rate  than  conventional  secretion.   Pituitary 
gonadotrophs  also  secrete  in  response  to  a  calcium  signal,  but  in  this  case 
oscillations  in  membrane  potential,  run  by  an  apamin-sensitive  K+  channel  cause 
oscillations  in  calcium  concentration  within  the  cells.   MPTP,  •  neurotoxin  which 
causes  a  Parkinsonian  syndrome  in  man,  also  causes  a  similar  syndrome  in  the 
goldfish,  which  like  the  human  disease  can  be  defended  against  with  the  MAO-B 
inhibitor  L-deprenyl.   The  nucelotide  binding  fold  portion  of  the  CFTR  has  been 
expressed  and  shown  to  be  a  nucelotide-gated  anion  channel  in  planar  lipid 
bilayers.   Two  A^-adenosine  antagonists  have  been  found  to  activate  chloride  efflux 
from  cystic  fibrosis  cells,  and  DPCPX  is  being  developed  for  a  clinical  trial.   A 
macromolecular  phospholipase-A  inhibitor  has  been  shown  to  inhibit  mucin  secretion 
from  cystic  fibrosis  and  control  cells. 
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Optimal  amounts  of  ascorbic  acid  (vitamin  C)  for  maintaining  human  health  are 
unknown.   As  a  unique  means  to  address  this  problem  we  developed  the  concept  of  in 
situ,  in  which  the  principles  of  reaction  kinetics  are  applied  to  vitamin  C 
dependent  reactions  in  situ.   We  studied  catecholeimine  biosynthesis  in  secretory 
vesicles  to  test  the  principles  of  in  situ  kinetics.   We  found  that  ascorbic  acid 
provides  single  electrons  via  transmembrane  electron  transfer  to  the  intra- 
vesicular  enzyme  dopamine  beta-monooxygenase.   Ascorbic  acid  outside  vesicles 
transfers  electrons  to  reduce  the  free  radical  intermediate  semidehydroascorbic 
acid  within  vesicles;  the  free  radical  is  formed  as  ascorbic  acid  within  vesicles 
transfers  single  electrons  to  the  inonooxygenase.   Electron  transfer  in  situ  occurs 
at  V„„  under  physiologic  conditions.   These  experiments  validated  the  principles  of 
in  situ  kinetics.   We  previously  discovered  that  ascorbic  acid  is  accumulated  by 
human  neutrophils  in  mM  concentration.   We  recently  found  that  the  physiologic 
structural  analog  glucose  exquisitely  regulates  ascorbic  acid  transport. 
Experiments  are  underway  to  characterize  the  mechanism  of  glucose  regulation.   We 
discovered  that  human  lymphocytes  also  contain  mM  concentrations  of  ascorbic  acid. 
To  learn  vitamin  C  function,  experiments  using  differential  hybridization  and 
subtraction  cloning  are  underway.   Ascorbic  acid  accumulation  in  human  fibroblasts 
was  characterized  as  a  prelude  to  understanding  how  different  concentrations  of  the 
vitamin  regulate  proline  hydroxylation.   Clinical  goals  are  to  learn  how  much 
vitamin  C  is  found  in  humans  as  a  function  of  ingestion,  so  that  ascorbic  acid 
dependent  reactions  can  occur.   In  addressing  prerequisite  issues  we  found  that 
ascorbic  acid  in  normal  human  plasma  and  serum  is  free  and  not  protein  bound. 
Ascorbic  acid  circulates  only  in  the  reduced  form.   With  these  results  an  intensive 
clinical  trial  was  proposed  and  approved  to  learn  how  ascorbic  acid  ingestion 
regulated  plasma  and  tissue  concentrations. 
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I .     POLYAMINBS 

In  our  older  work  we  have  shown  that  putrescine,  spermidine,  and  spermine 
are  polyamines  that  are  widely  distributed  in  biological  materials.  We 
have  developed  methods  for  their  detection,  and  elucidated  the  biosynthetic 
pathways  and  metabolism  of  these  amines.  We  have  been  particularly 
interested  in  studying  the  physiological  function  of  these  amines,  and  for 
this  purpose  have  constructed  mutants  (both  point  and"  deletion)  in  both 
Escherichia  coli  and  Saccharomyces  cerevisiae.  We  have  also  constructed 
numerous  multicopy  plasmids  containing  the  genes  for  the  biosynthetic 
pathways,  and  have  used  these  plasmids  for  the  overexpression  and  study  of 
the  biosynthetic  enzymes. 

In  last  year's  report  we  described  our  results  with  a  deletion  mutant  in 
the  spe2  gene  of  S.  cerevisiae.  We  had  shown  that  the  spe2  gene  codes  for 
the  enzyme,  S-adenosylmethionine  decarboxylase,  and,  since,  as  we  have 
shown  previously,  decarboxylated  S-adenosylmethionine  supplies  the 
aminopropyl  moiety  in  the  biosynthesis  of  spermidine  and  spermine,  a  Aspe2 
strain  cannot  make  spermidine  and  spermine.  After  growth  in  amine-free 
media  these  cells  show  an  absolute  requirement  for  spermidine  or  spermine 
for  growth  and,  when  examined  microscopically,  show  a  striking  morphology; 
namely,  marked  increase  in  volume,  many  large  intracellular  vesicles, 
reduced  budding,  abnormal  distribution  of  chitin  and  actin.  These  effects 
were  of  additional  interest  because  comparable  pleiotropic  effects  are 
found  in  various  cdc  (cell  division  cycle) ,  actin",  and  chitin"  mutants  of 
5.  cerevisiae. 

In  our  current  work  we  show  that  spermidine  and/or  spermine  are  critically 
involved  in  the  maintenance  of  the  cell  envelope  and  in  the  integrity  of 
mitochondria.  Our  results  show  that  spermidine  and  spermine  are  very 
important  in  protecting  these  moieties  from  damage  resulting  from  various 
stress  conditions  including  oxygen  and  superoxide  radicals. 

In  order  to  test  for  the  integrity  of  the  cell  envelope,  we  developed  a 
technique  using  resistance  to  lysine  by  added  Sarkosyl.  With  this 
technique  we  have  shown  that  the  cell  envelope  is  unstable  and  permeable  in 
the  polyaraine-def icient  cells.  Thus,  we  have  found  that  the  polyamine- 
deprived  cells  are  strikingly  sensitive  to  treatment  with  Sarkosyl,  while 
polyamine-supplemented  cells  are  unaffected  by  Sarkosyl  under  the  same 
conditions.  Incubation  in  IM  mannitol  exerts  a  striking  protective  effect 
both  on  the  inhibition  of  growth  and  on  the  sensitivity  to  Sarkosyl.  In 
addition,  the  cells  that  are  partially  depleted  of  polyamines  are 
dramatically  sensitive  to  incubation  at  39°  or  to  incubation  in  95%  02-5% 
CO2,  resulting  in  lysis  of  the  cells  even  in  the  absence  of  Sarkosyl. 
Mutants  defective  in  superoxide  dismutase  are  particularly  sensitive  to 
polyamine-def iciency . 

Closely  related  to  the  above  effects  of  polyamines  on  the  stability  of  the 
cell  envelope  is  our  finding  that  the  mitochondria  from  polyamine-def icient 
cells  are  defective,  and  cannot  utilize  glycolate.  This  loss  of  functional 
mitochondria  is  irreversible. 
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Suppressor  mutations  have  been  isolated  that  permit  50-100  fold  increase  in 
the  growth  of  polyamine-def icient  mutants.  These  mutations  are  being 
mapped  and  characterized. 

Drs.  D.  Balasundaram,  C.  W.  Tabor,  and  H.  Tabor 

Another  method  of  abolishing  the  biosynthesis  of  spermidine  and  spermine  is 
to  study  strains  that  have  a  deletion  in  spel,  the  gene  coding  for 
ornithine  decarboxylase.  (Such  strains  have  been  prepared  in  this 
laboratory  in  the  past  in  collaboration  with  Dr.  Xie.)  Such  strains  cannot 
make  putrescine,  and  hence  cannot  synthesize  either  spermidine  or  spermine. 
To  our  surprise  we  have  found  that  spel  mutants  are  much  more  susceptible 
to  polyamine  deprivation  than  spel  spe2  mutants,  even  though  both  strains 
lack  putrescine,  spermidine  and  spermine.  These  results  indicate  a 
hitherto  undescribed  toxicity  of  decarboxylated  S-adenosylmethionine  (in 
the  spel  mutant),  which  may  be  of  significance  in  evaluating  therapeutic 
results  with  inhibitors  of  ornithine  decarboxylase. 

We  have  also  been  studying  a  mutant  of  S . cerevisiae  that  is  defective  in 
the  gene  lspe3)  coding  for  the  enzyme  putrescine  aminopropyl  transferase. 
This  enzyme  is  also  required  for  the  biosynthesis  of  spermidine,  but  the 
mechanism  of  the  requirement  is  different  from  the  mutants  in  the  spe2 
gene. 

Drs.  D.  Balasundaram,  N.  Hamasaki,  C.  W.  Tabor,  and  H. 

Tabor 

A  very  sensitive  chromatographic  method  has  been  developed  for  the 
determination  of  hypusine  (a  spermidine  derivative)  in  yeast  protein,  and 
is  being  used  to  follow  the  loss  of  this  compound  during  the  development  of 
polyamine  deficiency. 

Drs.  C.  W.  Tabor  and  D.  Balasundaram  with  Dr.  D.  Liu 

(Division  of  Biochemical  Biophysics,  OBR,  FDA) 

We  are  continuing  our  studies  on  the  regulation  of  ornithine  decarboxylase 
in  yeast.  By  complementation  studies  we  are  localizing  the  regulatory 
speAO  mutation;  this  is  very  intriguing  since  it  is  closely  linked  to  the 
spel  mutation,  and  surprisingly  both  suppresses  the  effects  of  the  spel 
mutation  on  growth  and  causes  a  complete  defect  in  the  synthesis  of 
spermine  synthase. 

Dr.  C.  W.  Tabor 


II.    YXAST  RKA  VIROLOGY 

We  study  the  mechanism  of  propagation  of  the  L-A  dsRNA  virus  of  the  yeast 
Saccharorayces  cerevisiae,  the  host  genes  which  it  uses  for  this  purpose  and 
the  mechanisms  by  which  the  host  limits  viral  propagation  to  prevent  viral 
cytopathology .  We  find  that  the  N-terminal  1/4  of  the  L-A  pol  gene  is 
needed  for  encapsidation  of  viral  RNA,  but  that  only  gag  is  needed  to 
assemble  viral  particles.  We  have  found  that  pol  encodes  three  ssRNA 
binding  regions,  one  of  which  is  cryptic,  its  activity  being  inhibited  by  a 
region  C-terminal  to  this  binding  region.  One  of  the  ssRNA  binding  regions 
of  pol  is  within  the  region  necessary  for  packaging,  suggesting  that  this 
is  its  in  vivo  role.  The  others  are  likely  to  be  involved  in  RNA 
replication  and  transcription.   The  assembly  process  requires  the  MAK3  N- 
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acetyltransferase  that  acetylates  the  N-terminus  of  gag.  Stable  particle 
formation  also  requires  the  MAKIO  protein,  particularly  if  the  particles 
are  completely  full. 

Drs .  J.  C.  Ribas,  T.  Fujimura,  J.  C.  Tercero,  Y.-J.  Lee  and 

R.  B.  Wickner 

The  six  SKI  genes  comprise  a  host  system  to  limit  the  replication  of  three 
unrelated  dsRNA  and  ssRNA  replicons .  We  have  obtained  evidence  that  they 
do  this  by  limiting  the  translation  of  uncapped  messages. 

Drs.  W.  R.  Widner  and  R.  B.  Wickner 

We  have  isolated  mutations  in  several  chromosomal  genes  that  result  in 
substantial  increases  in  the  efficiency  of  the  -1  ribosoroal  frameshifting 
that  L-A  uses  to  synthesize  its  gag-pol  fusion  protein.  We  find  that  the 
efficiency  of  frameshifting  is  critical  to  viral  propagation,  suggesting 
that  drugs  affecting  this  process  may  be  useful  against  retroviruses. 

Drs.  J.  D.  Dinman  and  R.  B.  Wickner 

The  [URE3]  non-Mendelian  genetic  element  of  yeast  requires  for  its 
propagation  the  URE2  chromosomal  gene.  We  have  evidence  that  [URE3]  is  a 
prion  of  yeast. 

Dr.  R.  B.  Wickner 


ZZZ.    NUCLEIC  ACIDS 

We  are  studying  the  E.  coli  bacteriophage  T4  as  a  model  system  for  duplex 
DNA  replication.  Efficient  DNA  replication  in  vitro  requires  at  least  ten 
purified  proteins  encoded  by  T4  phage:  T4  DNA  polymerase  (gene  43 
product),  gene  32  helix  destabilizing  protein,  the  gene  44/62  and  45 
polymerase  accessory  proteins,  the  genes  41  and  61  proteins  that  function 
together  as  a  primase  and  as  a  DNA  unwinding  enzyme  (helicase)  ,  gene  59 
protein  that  stimulates  the  primase-helicase,  RNase  H,  and  DNA  ligase. 

Assembiy  of  the  polymerase  and  accessory  proteins  on  the  primer-template . 
We  have  previously  used  cross-linking  of  proteins  to  photo-activatable 
residues  at  specific  nucleotides  in  the  primer  to  determine  the  position  of 
polymerase  and  each  of  the  accessory  proteins  on  the  primer,  and  to  show 
that  ATP  binding  was  sufficient  to  add  the  three  accessory  proteins  to  the 
primer,  but  that  ATP  hydrolysis,  as  well  as  the  three  accessory  proteins, 
were  required  to  clamp  polymerase  to  the  primer  in  a  replication  complex 
stable  enough  for  processive  DNA  synthesis.  These  studies  were  carried  out 
with  a  34  nucleotide  primer  annealed  to  a  large  (>5000b)  circular  single- 
stranded  DNA  template.  This  large  primer-template  is  not  suitable  for 
studies  to  determine  the  location  of  the  polymerase  and  accessory  proteins 
on  the  teiqjlate  strand,  for  gel  mobility  shift  assays  to  look  steps  in  the 
assembly  of  the  polymerase  holoenzyme  on  the  DNA,  or  for  pre-steady  state 
kinetic  analysis  of  synthesis  by  the  polymerase  and  accessory  protein 
complex.  In  order  to  design  a  small  primer-tenplate  that  could  be  used  for 
these  studies,  we  are  determining  the  minimum  size  of  the  primer  and 
template  strands  that  will  allow  the  proper  assembly  of  the  polymerase 
accessory  protein  complex,  as  judged  by  cross-linking  of  the  proteins  and 
analysis  of  the  DNA  products.  We  find  accessory  protein  dependent  cross- 
linking  of  polymerase  to  a  34b  primer  annealed  to  a  104b  template,  with  35 


nucleotides  of  single-stranded  DNA  in  front  of  and  behind  the  primer,  but 
not  to  the  same  primer  annealed  to  a  69b  template.  It  is  not  yet  clear 
whether  the  kinetics  of  the  assembly  of  the  complex  on  the  34:104  mer  are 
the  same  as  those  on  the  larger  circular  template. 

We  have  used  gel-mobility  shift  assays  of  protein-DNA  complexes  cross- 
linJced  with  glutaraldehyde  to  demonstrate  a  complex  of  the  gene  45 
polymerase  accessory  protein  and  polymerase  on  a  36:64mer  primer-template. 
However,  the  formation  of  the  complex  of  45  protein  and  polymerase  on  this 
DNA  requires  very  high  concentrations  of  45  protein,  and  is  not  dependent 
on  the  44/62  polymerase  accessory  protein  or  ATP.  Moreover,  we  find  no 
evidence  for  a  complex  containing  polymerase  whose  formation  requires  all 
three  accessory  proteins  and  ATP  hydrolysis.  Thus  this  gel  mobility  shift 
technique  also  suggests  that  the  34:64mer  is  too  small  for  the  proper 
assembly  of  the  T4  polymerase  holoenzyme  on  the  primer. 

Drs.  T.  L.  Capson  and  N.  G.  Nossal 

Construction  and  analysis  of  mutations  in  T4  DNA  polyirerase .  T4  DNA 
polymerase  has  a  single  polypeptide  of  898  amino  acids  that  has  remarkable 
sequence  similarity  is  several  collinear  regions  with  a  large  family  of  DNA 
polymerases  which  includes  the  eukaryotic  cellular  polymerases  a,  5,  and  c, 
as  well  as  the  herpes  and  vaccinia  viral  polymerases .  We  are  trying  to 
determine  the  function  of  these  conserved  regions,  and  to  identify  regions 
of  the  polymerase  important  for  its  interaction  with  the  other  T4 
replication  proteins,  by  in  vitro  mutagenesis  of  the  cloned  T4  polymerase 
gene.  We  have  developed  a  simple  protein  purification  procedure  that 
yields  homogeneous  polymerase  in  a  single  day,  which  we  are  using  to 
characterize  the  altered  enzymes. 

T4  DNA  polymerase  has  a  3'— »5'  exonuclease  that  acts  as  a  proofreader  to 
remove  incorrect  nucleotides  inserted  by  the  polymerase.  In  order  to 
assess  the  contribution  of  the  editing  exonuclease  to  the  fidelity  of  DNA 
replication,  we  have  constructed  a  polymerase  lacking  this  nuclease  by  site 
directed  mutagenesis  of  a  conserved  amino  acid  in  the  N-terminal  region. 
This  T4  DNA  polymerase  has  no  measurable  exonuclease  activity  and  retains  a 
polymerase  activity  whose  rate  of  synthesis  and  interaction  with  the  other 
T4  replication  proteins  is  very  similar  to  that  of  the  wild-type 
polymerase.  In  collaborative  studies,  Michelle  West  Frey  and  Stephen 
Benkovic  (Pennsylvania  State  University)  are  carrying  out  a  pre-steady 
state  kinetic  analysis  of  this  mutant  polymerase.  We  have  also  constructed 
a  T4  bacteriophage  with  the  exonuclease  defective  polymerase  gene,  and  in 
preliminary  studies,  find  that  its  rate  of  mutation  at  the  single  locus 
tested  is  about  1000  fold  higher  than  that  of  the  wild  type  phage. 

Drs.  N.  G.  Nossal  and  T.  L.  Capson,  in  collaboration  with 

M.  W,  Frey  and  Dr.  S.  J.  Benkovic  (Pennsylvania  State  University) 

Function  of  the  T4  gene  59  primase-helicase  assembly  factor.  The  gene  59 
protein  stimulates  DNA  synthesis  by  increasing  the  rate  at  which  the  gene 
41  protein  is  loaded  on  the  DNA  ten^Jlate.  41  Protein  acts  as  a  DNA 
helicase,  and  is  also  essential  (along  with  the  61  protein)  for  the 
synthesis  of  the  RNA  primers  that  initiate  new  discontinuous  fragments  on 
the  lagging  strand.  We  have  recently  found  that  addition  of  59  protein  to 
the  seven  protein  T4  replication  system  (polymerase,  three  polymerase 
accessory  proteins,  single-stranded  DNA  binding  protein,  41  and  61  protein 
primase-helicase)  gives  a  ten-fold  increase  in  synthesis  on  linear  duplex 
T4  DNA  and  on  other  large  double  stranded  templates.   In  contrast  to 


synthesis  by  the  seven  protein  system  that  begins  at  nicks  in  double- 
stranded  DNA,  5  9  protein-dependent  synthesis  is  not  inhibited  by  adding  T4 
DNA  ligase  to  seal  nicks  in  the  duplex.  We  are  currently  trying  to 
determine  how  and  where  synthesis  on  the  duplex  DNA  is  initiated  in  the  59 
protein-dependent  reaction. 

Dr.  N.  G.  Nossal 

T4  RNaseH.  We  have  previously  identified  a  T4  gene  encoding  an  RNaseH,  and 
cloned  the  gene  in  a  T7  expression  vector.  We  have  devised  a  rapid  two 
step  procedure  that  gives  homogeneous  RNaseH  from  cells  containing  this 
plasmid.  Although  we  have  shown  that  purified  T4  RNaseH  efficiently  removes 
RNA  primers  in  vitro,  it  is  not  yet  clear  whether  it  plays  this  role  in 
vivo.  T4  RNaseH  is  encoded  between  T4  genes  33  and  34,  in  a  region  where 
no  conditionally  lethal  mutations  have  been  found.  Starting  by  in  vitro 
mutagenesis  of  the  RNaseH  plasmid,  we  have  constructed  a  T4  phage  with  an 
extensive  deletion  within  the  RNaseH  gene.  Preliminary  results  indicate 
that  the  burst  size  of  the  RNaseH  deletion  phage  is  somewhat  reduced  in  a 
wild  type  E.  coli  host,  and  is  extremely  low  in  a  host  that  is  defective  in 
both  E.  coli  RNaseH  and  the  5'— »3'  exonuclease  activity  of  polymerase  I, 
the  two  E.  coli  enzymes  that  are  required  to  remove  the  RNA  primers  in  the 
host.  Thymidine  incorporation  into  DNA  by  the  RNaseH  deletion  phage  is 
also  reduced  in  the  mutant  host.  We  are  presently  characterizing  the  DNA 
intermediates  that  accumulate  during  replication  in  the  absence  of  the 
phage  and  host  RNaseH  enzymes. 

Drs.  L.  J.  Hobbs  and  N.  G.  Nossal 

Structure  of  the  T4  DNA  replication  proteins .  We  now  have  plasmids  which 
give  high  level  expression  of  nine  of  the  T4  replication  proteins,  and  have 
developed  methods  to  purify  large  quantities  of  each  of  these  proteins.  We 
have  begun  a  collaboration  with  Craig  Hyde,  Laboratory  of  Structural 
Biology,  NIAMS,  to  try  to  crystallize  these  proteins. 

Dr.  N.  G.  Nossal  in  collaboration  with  Dr.  C.  Hyde,  LSB, 

NIAMS 

Transcriptional  activation  by  the  bacteriophage  T4  protein  MotA.  During  T4 
infection,  transcriptional  control  is  accoir^lished  by  phage-encoded  factors 
that  alter  the  specificity  of  the  host  RNA  polymerase.  We  are  studying  the 
activation  of  transcription  from  T4  middle  promoters  by  the  T4  factor  MotA. 
We  have  established  an  in  vitro  transcription  system  corr^osed  of  partially 
purified  RNA  polymerase  isolated  after  T4  infection  and  MotA,  isolated  from 
a  clone.  Using  our  in  vitro  system,  we  are  investigating  the  action  of 
MotA  at  the  T4  middle  promoters,  PuvsX  and  PaegA-  We  have  found  that 
transcription  from  PuvsX  -i^  vitro  is  sensitive  to  the  addition  of  the 
polyanion  heparin  before  but  not  after  the  addition  of  MotA.  This  result 
suggests  that  MotA  is  needed  to  form  an  open  con^lex  at  PuvsX  (the  conplex 
in  which  polymerase  has  partially  unwound  the  promoter)  since  open 
complexes  are  known  to  be  heparin  resistant.  We  also  find  that  in  the 
presence  of  heparin,  more  MotA-dependent  transcription  from  PuvsX  is  seen 
using  glutamate  as  the  major  anion  than  is  observed  with  Cl~.  This  result 
suggest  that  glutamate  stabilizes  the  protein-PuvsX  interactions,  and  is 
consistent  with  the  fact  that  substitution  of  glutamate  for  Cl~  enhances 
protein-nucleic  acid  interactions  in  other  reactions. 

We  have  partially  purified  and  characterized  a  mutant  MotA  protein,  MotA21 
in  which  the  first  8  amino  acids  of  MotA  (MSKVTYII)  have  been  changed  to 
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MNNLVAKHNFN.  Using  gel  retardation  assays  with  PuvsX/  we  find  that  MotA21 
binds  to  this  promoter  nearly  as  well  as  MotA.  However,  MotA21  does  not 
support  transcription  from  PuvsX  -i^  vitro.  These  results  are  consistent 
with  the  motA21  mutation  affecting  a  domain  of  MotA  that  is  involved  in 
transcriptional  activation  rather  than  DNA  binding. 

Drs.  R,  March-Amegadzie  and  D.  M.  Hinton 

Further  characterization  of  T4  segA,  a  gene  whose  product  is  similar  to 
endonucleases  encoded  by  mobile  group  I  introns.  We  have  previously 
identified  a  new  T4  gene,  called  segA,  which  encodes  a  protein  that  shares 
regions  of  similarity  with  a  family  of  group  I  intron-encoded  endonucleases 
present  in  fungi  and  phage.  These  proteins  are  required  for  the  movement 
('homing')  of  the  intron  DNA  into  its  intronless  gene,  cutting  at  or  near 
the  site  of  intron  insertion.  Like  these  endonucleases,  SegA  is  a  Mg ■•■"*"- 
dependent  DNA  endonuclease  which  cuts  with  some  sequence  specificity,  but 
it  does  not  appear  to  be  associated  with  an  intron.  We  have  used  primer 
extension  analyses  to  determine  the  exact  positions  of  cutting  by  SegA  at 
three  preferred  sites.  While  these  three  sites  share  some  sequence 
elements,  a  consensus  sequence  cannot  be  deduced.  This  suggests  that 
either  SegA  does  not  require  a  set  of  invariant  bases  or  it  recognizes  some 
feature  of  the  DNA  other  than  sequence  alone.  Using  polymerase  chain 
reaction,  we  have  screened  the  genomes  of  30  T-even  like  phage.  We  find 
that  all  of  these  have  large  deletions  in  the  region  where  T4  contains 
segA.  Our  sequence  analysis  of  T2,  a  phage  which  is  highly  related  to  T4, 
has  revealed  that  the  segA  gene  is  indeed  missing  in  the  T2  genome.  The 
uneven  distribution  of  the  segA  gene  in  the  genomes  of  T-even  phages  is 
consistent  with  the  idea  that  the  segA   gene  was  or  is  mobile. 

Drs.  M.  Sharma  and  D.  M.  Hinton 


IV.    GENOMIC  STRUCTURE  AKD  FUNCTION 

LI  DNA  (long  interspersed  repeated  DNA,  LINE  1  DNA)  is  a  self  replicating 
parasite  of  mammalian  genomes  and  accounts  for  at  least  10-20%  of  mammalian 
DNA.  LI  elements  contain  a  transcriptional  regulatory  sequence  at  the  left 
end,  two  highly  conserved  genes  (one  of  which  encodes  a  reverse 
transcriptase),  and  a  guanine-rich  polypurine :polypyrimidine  sequence  near 
the  right  end.  Transposition  of  LI  elements  is  a  frequent  cause  of 
polymorphism  in  mammals  including  humans  where  it  has  caused  genetic 
defects.  We  have  been  studying  the  LI  family  of  rats  and  describe  below 
our  recent  findings. 

We  previously  showed  that  the  LI  polypurine :polypyrimidine  sequence  adopts 
a  series  of  abnormal  DNA  structures  which  we  have  now  found  to  affect  LNA 
replication,  recombination  and  transcription  in  vivo.  For  example, 
plasmids  containing  polypurine  sequences  have  greatly  reduced  rates  of  DNA 
replication  in  both  bacteria  and  mammalian  cells.  On  the  other  hand, 
recombination  is  stimulated  about  10-fold  by  these  sequences.  In  bacteria, 
these  plasmids  are  found  as  multimers,  a  byproduct  of  recA-independent 
recombination.  These  plasmids  are  unable  to  replicate  in  recBC,  sbcA 
mutants  possibly  because  the  cells  are  unable  to  resolve  very  large 
multimers.  Preliminary  experiments  in  human  cells  indicates  that  non-B  DNA 
structures  increase  plasmid  recombination  frequencies  about  10-fold  over 
background  levels.  And  finally,  the  LI  polypurine  sequences  dramatically 
reduce  the  activity  of  the  SV40  promoter  in   vivo.      Work  is  now  underway  to 
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study  the  effect  of  these  sequences  on  expression  of  a  bacterial  gene  that 
is  under  the  control  of  a  supercoil  dependent  promoter  (gyrA) . 

While  doing  this  work  we  have  developed  a  very  siirple  and  quick  method  for 
preparing  plasmid  DNA  from  single  colonies  suitable  for  DNA  sequencing. 


Drs.  R.  Howell  and  K.  Usdin 


Structural  and  transcriptional  analysis.  We  previously  showed  that  the 
left-most  610  bp  of  rat  LI  DNA  resembles  a  transcriptional  regulatory 
region  and  can  stimulate  the  activity  of  a  gene  fused  to  it.  No 
stimulation  occurs  if  the  LI  regulatory  sequence  is  oriented  in  the 
opposite  direction  that  it  is  in  the  LI  element.  We  now  have  found  that 
this  stimulation  is  due  to  the  activation  of  a  cryptic  promoter  located  5' 
to  the  LI  sequence  and  that  the  LI  sequence  also  activates  known  promoters 
situated  5',  but  not  3',  to  it.  This  rather  novel  transcritpional  process 
ensures  the  production  of  a  full  length  LI  transcript  which  would  be 
necessary  for  replication  by  the  LI  encoded  reverse  transcriptase.  The  LI 
promoter  is  unusual  in  that  it  does  not  contain  binding  sites  for  any  of 
the  known  general  transcription  factors.  Nonetheless,  DNA  binding 
experiments  show  that  three  different  regions  of  the  LI  regulatory  region 
can  form  specific  con^lexes  with  partially  purified  nuclear  factors  present 
in  either  rat  or  primate  cell  lines.  Deletion  of  the  protein  binding 
regions  indicates  that  one  of  them  binds  a  novel  transcriptional 
stimulatory  factor  which  we  are  now  characterizing. 

Drs.  B.  Hayward,  M.  Zavenelli,  and  A.  V.  Furano 

We  have  continued  our  previous  work  that  demonstrated:  (1)  that  during 
evolution  LI  elements  have  undergone  periodic  amplification  followed  by 
periods  of  quiescence,  and  (2)  that  these  amplified  products  persist  in  the 
genome.  Therefore,  much  more  of  the  genome  than  was  hitherto  appreciated 
is  comprised  of  the  products  of  previous  amplification  events,  and 
secondly,  the  mammalian  genome  has  been  repeatedly  assaulted  and  altered  by 
the  insertion  of  thousands  of  LI  elements.  Our  discovery  of  ancient 
amplification  events  also  provided  a  novel  and  powerful  tool  for 
determining  the  evolutionary  relationships  between  modern  rodent  species 
and,  in  collaboration  with  Dr.  Francois  Catzeflis,  (Institute  of 
Evolutionary  Science  in  Montpellier,  France)  we  have  resolved  several 
vexing  problems  in  rodent  phylogeny.  In  addition,  these  studies  showed 
that  amplification  of  LI  elements  occurred  during  speciation.  In  similar 
studies  on  modern  rat  LI  elements  we  have  identified  a  probably  still 
active  clade  of  LI  elements.  We  are  now  trying  to  isolate  an  intact  and 
functional  member  of  this  clade.  In  the  course  of  this  work  we  have 
sequenced  regions  of  the  D-loop  region  of  the  mitochondrial  DNA  of  a  number 
of  rodents.  Data  from  these  experiments  are  proving  useful  in  resolving  a 
number  of  other  taxonomic  problems  involving  the  genus  Rattus. 

Drs.  A.  V.  Furano,  B.  Hayward,  and  K.  Usdin 

V.    MEMBRANE  STUDIES  Or  ESCBSRICBIA      COLI 

Aldoheptose  Biosynthesis.  E.  coli  K-12  aldoheptose  (i.e.,  L-glycero-D- 
mannoheptose)  mutants  carrying  the  cysE-pyrE  linked  mutation  rfaD  or  rfa-2, 
were  previously  isolated  and  genetically  characterized.  These  mutations 
result  in  L-glycero-D-mannoheptose  deficient  Lipopolysaccharide  (LPS) . 
Thus,  the  rfaD   and  rfa-2   mutants  produce  a  truncated  LPS  that  is  primary  a 
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lipid  A-2-)ceto-3-deoxyoctulo3onic  acid  structure  (i.e.,  chemotype  Re) 
These  mutants  possess  an  outer  membrane  (OM)  that  is  characteristically 
more  permeable  to  a  number  of  hydrophobic  agents.  The  molecular  genetics 
and  biology  of  the  rfaD  gene  has  been  completed  and  reported  by  this 
laboratory.  An  efficient  rfaD  gene  expression  system  and  a  two-step 
purification  protocol  for  the  rfaD  gene  product  (ADP-L-glycero-D- 
mannoheptose-6-epimerase)  was  developed.  The  enzyme  thus  purified  was 
found  to  be  greater  than  95%  pure,  and  it  was  highly  active.  Key  kinetics 
and  physical  characterization  studies  of  the  epimerase  are  coir^lete. 
Preliminary  crystals  of  the  epimerase  have  been  obtained.  Structural  and 
funtional  homology  of  the  Paeudomonas  aeruginosa  rfaD  gene  and  its  E.  coli 
counterpart  is  indicated.  The  second  mutation,  designated  rfa-2,  has  been 
exploited  to  define  the  rfa-2  gene,  resolve  its  sequence  and  flanking 
nucleotides,  as  well  as  determine  its  physical  location  on  the  E.  coli 
chromosome  relative  to  the  rfaD  gene.  A  r/a-2-6xHISTAG  gene  fusion  has 
been  constructed  to  facilitate  the  purification  of  the  rfa-2  gene  product. 
Interspecific  compliment at ion  studies  demonstrated  that  the  E.  coii  K-12 
rfa-2  gene  complements  the  chemotype  Re  LPS  mutant  of  S.  typhi  murium, 
designated  rfaC.  The  role  of  the  rfa-2  gene  product  as  a  heptosyl 
transferase  is  under  investigation. 

Drs.  W.  G.  Coleman,  Jr.,  L.  Chen  and  L.  Ding 

VZ.    ENZYME  STRUCTURE  AND  FUNCTION  SECTION 

Tryptophan  synthase  is  a  multienzyme  complex  that  catalyzes  the  final  two 
reactions  in  the  biosynthesis  of  L-tryptophan .  We  are  using  tryptophan 
synthase  as  a  model  system  to  understand  how  protein-protein  interaction 
affects  catalysis,  metabolite  channeling,  and  ligand-dependent  site-site 
interactions . 

Structure  and  Function  of  Wild  Type  and  Mutant  Forms  of  the  Tryptophan 
Synthase  02^2  Complex  from  Salmonella  typhimurium.  The  crystallographic 
structure  of  the  wild  type  tryptophan  synthase  a2P2  complex  is  now  refined 
to  2.2  A  resolution.  Lysine-87  forms  a  Schiff  base  with  pyridoxal 
phosphate  in  the  active  site  of  the  wild  type  P  subunit .  Changing  lysine- 
87  to  threonine  produces  an  inactive  mutant  a2P2  complex  that  forms  enzyme- 
substrate  intermediates  very  slowly.  Our  spectroscopic  and  kinetic  results 
provide  evidence  that  lysine-87  serves  critical  roles  in  transimination, 
catalysis,  and  product  release.  The  mutant  a2P2  complex  forms  very  stable 
enzyme-substrate  intermediates  that  have  been  analyzed  by  x-ray 
crystallography.  Two  new  crystallographic  structures  of  this  mutant  form 
of  the  a2P2  complex  containing  bound  L-serine  or  L-tryptophan  reveal 
iirportant  information  about  the  substrate  binding  site  of  the  P  subunit. 

Drs.  E.  W.  Miles  and  Z.  Lu  with  Drs.  C.  C.  Hyde,  K.  Parrish 

and  D.  R.  Davies  (LMB,  NIDDK) . 

Subunit  Communication  in  the  Tryptophan  Synthase  02^2  Complex.  An 
in^ortant  problem  in  the  elucidation  of  the  allosteric  mechanism  is  the 
structural  basis  for  ligand-mediated  communication  between  topologically 
distinct  binding  sites.  We  have  probed  the  allosteric  properties  of  the 
tryptophan  synthase  a2P2  complex  by  studies  using  site-directed  mutagenesis 
and  limited  proteolysis.  Our  results  provide  evidence  that  a  flexible  loop 
in  the  a  subunit  is  iir^ortant  for  ligand  binding  and  for  communicating  the 
effects  of  ligand  binding  from  the  a  subunit  to  the  P  subunit  in  the  a2P2 
complex.   A  residue  in  the  a  subunit  loop  (threonine-183)  plays  a  critical 
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role  in  modulating  the  enzymatic  activity  of  the  P  subunit  in  the  a2P2 
complex.  Two  a  subunit  residues  that  are  located  in  the  interaction  site 
between  the  a  and  P  subunits  (proline-57  and  proline-132)  play  critical 
roles  in  mutual  subunit  interaction  and  activation.  Mutation  of  glutamate- 
49,  aspartate-60,  or  glycine-51  in  the  a  subunit  inhibits  the  transition 
of  the  a  subunit  from  open  to  a  closed  form  and  alters  the  kinetics  of 
metabolite  channeling. 

Drs.  E.  W.  Miles,  X.  Yang,  and  S.  B.  Ruvinov  with  Dr.  K. 

Yutani  (Protein  Institute,  Osaka  University,  Japan)  and  Drs.  P.  Brzovic  and 
M.  F.  Dunn  (University  of  California,  Riverside) . 

Conformational  States  of  the  P  Subunit.  Evidence  that  the  P  subunit  can 
exist  in  two  or  more  conformational  states  is  provided  by  our  studies  of 
the  reaction  specificity  and  of  substrate-induced  inactivation  of  several 
forms  of  the  P  subunit .  We  propose  that  the  wild  type  p  subunit  undergoes 
a  conformational  change  upon  association  with  the  a  subunit  that  alters 
the  reaction  specificity.  Furthermore,  several  active  site  and  tunnel 
mutants  of  the  P  subunit  do  not  undergo  the  same  conformational  change  upon 
subunit  association.  Our  finding  that  the  dimeric  wild  type  P  subunit  is 
only  50%  inactivated  by  P-chloro-L-alanine  can  be  explained  by  the  presence 
of  two  conformers  of  the  P  subunit  in  solution:  one  conformer  is  rapidly 
inactived  by  P-chloro-L-alanine  and  the  other  conformer  is  not  inactivated. 
This  putative  mechanism  is  supported  by  investigations  using  steady-state 
kinetics  and  spectroscopic  and  electrophoretic  methods. 

Drs.  S.  A.  Ahmed,  E.  W.  Miles,  and  S.  B.  Ruvinov  with  Drs. 

P.  Brzovic  and  M.  F.  Dunn  (University  of  California,  Riverside) . 

Thermal    Stability    of    Tryptophan    Synthase .  We  are  investigating  the 

effects  of  subunit  association  and  of  ligands  on  thermal  unfolding  and  on 
thermal  inactivation  of  tryptophan  synthase.  Differential  scanning 
calorimetry  studies  of  the  thermally-induced  unfolding  of  the  a2P2  complex 

show  two  well  resolved  endotherms  at  51°C  and  at  80°C.  These  endotherms 
correspond  to  thermal  unfolding  of  the  a  and  P  domains,  respectively. 
Light  scattering  measurements  confirm  that  a  chains  unfold  without 
disruption  of  O-P  contacts.  Thermal  inactivation  studies  reveal  that 
ligands  that  promote  subunit  association  (L-serine,  L-tryptophan,  or  D- 
tryptophan  alone  or  in  combination  with  a-glycerol  3-phosphate)  raise  the 
inactivation  temperature  of  the  a  subunit  in  the  a2P2  complex. 

Drs.  E.  W.  Miles  and  S.  B.  Ruvinov  with  Drs.  A.  Ginsburg 

and  D.  P.  Rameta  (LB,  NHLBI) 

VIZ.     INDOCRIMX   BIOCBSMISTRY 

The  complex  role  of  the  cytoskeleton  in  the  intracellular  traffic  of 
cholesterol  from  droplet  to  mitochondrion  involves  not  only  microfilaments 
and  microtubules  (as  we  have  previously  shown) ,  but  also  involves  the 
participation  of  intermediate  filaments,  as  we  now  show  for  the  first  time. 
The  disruption  of  intermediate  filaments  with  acrylamide  enhances 
steroidogenesis  as  efficiently  as  ACTH  or  colchicine  although  each  has  a 
different  time  course.  These  findings  confirm  the  model  that  polymerized 
filaments  can  act  as  a  barrier  of  cholesterol  processing  in  steroid- 
producting  cells. 

Drs.  J.  Wolff  and  D.  Sackett,  L.  Knipling 
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Pure  rat  brain  tubulin  can  be  cross-liniced  by  ultraviolet  irradiation  of 
tubulin-colchicine  coitplexes  at  the  high  wavelength  maximum  of  colchicine 
to  form  covalent  dimer3>trimer3>tetramers .  With  colchicine  concentrations 
-3xlO"*M  (mole  ratio  to  tubulin  3-12)  and  irradiation  for  5-10  min  at  95- 
109  mW/cm2,  the  yield  of  dimers  is  11-17%  and  of  trimers  is  4-6%  of  the 
total  tubulin.  The  oligomers  show  polydispersity  and  anomalously  high 
apparent  molecular  masses  that  converge  toward  expected  values  in  low- 
density  gels.  Maximal  dimer  yields  are  obtained  with  MTC  and  the 
decreasing  photosensitizing  potency  is  MTOcolchic ine> 
colchicide>i30Colchicine>thiocolchicine .  Single-ring  troponoids  also 
promote  dimerization .  The  initial,  low-affinity,  binding  step  of 
colchicine  and  its  analogues  is  sufficient  to  photosensitize  tubulin 
dimerization. 


Drs.  J.  Wolff,  D.  Sackett  and  S.  Uppuluri  and  L.  Knipling 


Stepwise  denaturation  of  pure  tubulin  with  urea  shows  that  the  five  readily 
measured  function  properties  differ  markedly  in  the  sensitivity  to 
different  urea  concentration  and  suggest  stepwise  unfolding  of  the 
molecule. 


Drs.  J.  Wolff,  D.  Sackett  and  S.  Uppuluri  and  L.  Knipling 


VIZI.     PHYSICAL  BIOCHEMISTRY 

The  concentration  gradients  of  radiolabeled  proteins  at  sedimentation 
equilibrium  were  measured  with  high  accuracy  and  precision  using  a  new 
microf ractionation  device  and  new  counting  techniques. 

Drs.  S.  Darawshe,  G.  Rivas,  P.  Jeffrey,  and  A.  P.  Minton 

The  calcium-linked  self-association  of  human  complement  sub-con^onent  Cls 
was  quantitatively  characterized  via  measurement  of  sedimentation 
equilibrium. 

Drs.  G.  Rivas  and  A.  P.  Minton 

A  quantitative  model  for  the  role  of  macromolecular  crowding  in  the 
regulation  of  cellular  volume  has  been  developed. 

Dr.  A.  P.  Minton 

A  microprocessor-controlled,  highly  automated  centrifuge  tube 
microf ractionator  has  been  developed  by  BRANDEL,  Inc.  (Gaithersburg,  MD)  in 
collaboration  with  our  group.  Using  this  instrument,  the  contents  of  a 
small  cylindrical  centrifuge  tube  may  be  fractionated  into  laminar  aliquots 
with  a  resolution  as  high  as  10  fractions/nun  of  solution  column,  with 
minimal  mixing  between  the  contents  of  adjacent  fractions.  A  new  mode  of 
fraction  collection  has  been  introduced  which  permits  the  collection  of 
fractions  directly  on  to  scintillation  vial  caps  impregnated  with  solid 
scintillator  (Beckman  Ready  Caps),  thus  avoiding  the  use  of  scintillation 
fluid.  Using  this  instrument  we  have  measured  the  concentration  gradients 
of  a  series  of  well-characterized  radiolabeled  proteins  ranging  in 
molecular  weight  from  45,000  to  350,000  centrifuged  to  sedimentation 
equilibrium.  Our  results  indicate  that  molecular  weights  of  non- 
associating  macromolecules,   and  weight-average  molecular  weights  of 
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associating  macromolecules,  may  be  rapidly,  accurately,  and  conveniently 
measured  using  the  new  instrument,  thus  facilitating  the  study  of 
reversible  macromolecular  self-  and  hetero-associations  in  solution.  A 
novel  application  was  the  determination  of  the  molecular  weight  of  insulin 
at  a  concentration  of  10  ng/ml,  which  is  lower  than  previous  concentrations 
at  which  this  measurement  was  carried  out  by  a  factor  of  10,000. 

Drs.  S.  Darawshe,  G.  Rivas,  P.  Jeffrey  and  A.  P.  Minton 

The  first  component  of  the  coirplement  pathway,  CI,  is  a  noncovalent  complex 
of  five  polypeptide  chains,  Clq  -  (Clr)2  -  (Cls)2.  Purified  subcomponent 
Cls  can  exist  as  a  monomer  or  dimer  in  solution.  By  means  of  sedimentation 
equilibrium  we  have  measureu  the  weight-average  molecular  weight  of 
purified  Cls  in  HEPES-NaCl  buffer  at  10°C  as  a  function  of  protein  and 
calcium  concentration,  over  a  range  of  total  protein  concentration 
exceeding  two  orders  of  magnitude  and  over  a  range  of  free  (unbound) 
calcium  concentration  exceeding  six  orders  of  magnitude.  The  entire  set  of 
data  comprised  weight-average  molecular  weights  corresponding  to  85 
different  combirntions  of  total  orotein  and  calcium  concentrations,  where 
each  molecular  weight  was  the  mean  of  values  obtained  from  3  to  6  replicate 
experiments.  A  series  of  models  for  calcium-linked  dimerization,  in  which 
different  numbers  and  types  of  calcium  binding  sites  on  the  monomer  and 
dimer  were  postulated,  were  fit  to  the  combined  data  by  the  method  of 
nonlinear  least  squares.  According  to  the  simplest  model  capable  of 
accommodating  all  of  the  data,  monomeric  Cls  binds  1  Ca  with  an  equilibrium 
association  constant  of  -3  x  10"^  M"^,  and  dimeric  Cls  binding  1  Ca  with 
high  affinity  (K  -  8  x  10"''  M"^)  and  two  Ca  with  lower  affinity  (K  -  3  x 
10"^  M"^)  .  The  high  affinity  site  is  presumed  to  lie  at  the  interface 
between  the  polypeptide  chains  in  the  dimer. 

Drs.  G.  Rivas  and  A.  P.  Minton 

In  collaboration  with  Drs.  J.  C.  Parker  and  G.  C.  Colclasure  of  the 
Department  of  Medicine,  University  of  North  Carolina  at  Chapel  Hill,  a 
simple  model  has  been  developed  to  account  for  large  increases  in 
transporter-mediated  ion  flux  across  cell  membranes,  that  are  elicited  by 
small  fractional  changes  of  cell  volume.  The  model  is  based  upon  the 
concept  that,  as  a  result  of  large  excluded  volume  effects  in  cytoplasm 
(macromolecular  crowding) ,  the  tendency  of  soluble  macromolecules  to 
associate  with  membrane  proteins  is  such  more  sensitive  to  changes  in  cell 
water  content  than  expected  on  the  basis  of  siirplistic  considerations  of 
mass  action.  The  model  postulates  that  an  ion  transporter  may  exist  in 
either  an  active  dephosphorylated  state  or  an  inactive  phosphorylated 
state,  and  that  the  steady-state  activity  of  the  transporter  reflects  a 
balance  between  the  rates  of  phosphatase-catalyzed  activation  and  kinase- 
catalyzed  inactivation.  Cell  swelling  results  in  the  inhibition  of  kinare 
relative  to  phosphatase  activity,  thereby  increasing  the  steady-state 
concentration  of  thfe  active  form  of  the  transporter.  Calculated  volume- 
dependent  stimulation  of  ion  flux  is  comparable  to  that  observed 
experimentally . 

Dr.  A.  P.  Minton 

Cooperative  binding  systems  are  being  studied  taking  into  account  site  or 
subunit  interactions,  ligand  interactions,  aggregation  and  redistribution 
in  proteins,  and  model  systems.  Methods  are  being  developed  to  evaluate 
reasonable  values  for  the  parameters  describing  these  systems. 
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Amino  acid  sequences  of  proteins  are  analyzed  primarily  with  the  Monte 
Carlo  techniques  to  evaluate  the  uniqueness  and  similarity  of  these 
sequences.  The  property  of  uniqueness  (the  occurrence  of  a  small  peptide 
at  a  frequency  considerably  less  than  that  expected)  has  been  quantified, 
and  speculations  on  this  quantity  and  the  immune  response  are  under 
continued  investigation. 

Drs.  H.  A.  Saroff  and  E.  Mihalyi 

Glutathione  and  another  substance  have  been  previously  indicated  to  be 
regulators  of  the  activity  of  a  valyl-tRNA  synthetase.  The  latest  evidence 
is  that  the  critical  activator  substance  is  an  iron-containing  polypeptide 
that  affects  the  enzyme's  affinity  for  tRNA. 

Dr.  S.  Black 


89 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESLARCH  PROJECT 


PROJECT  NUMBER 

ZOl   DK   23,140-34    LBP 


PERIOD  COVERED 

October  1,  1991,  through  September  30,  1992 


TITLE  OF  PROJECT  (BO  ch»raaerz  or  less   Title  must  lit  on  ifne  line  between  tt>e  Cx>rders  ) 

Biochemistry  of  Sulfur-Containing  Confounds 


PRINCIPAL  INVESTIGATOR  (List  other  prolessional  personnel  below  tfte  Principal  Investigator )  (Name,  title,  laboratorf,  and  mstrtute  afliliation) 

PI:      Simon  Black,  Ph.D.  Chemist  (Research)  LBP  NIDDK 


Others :   Dorothy  Black 


Special  Volunteer 


LBP   NIDDK 


COOPERATING  UNITS  (it  any) 

None 


LAB/BRANCH 

Laboratory  of  Biochemical  Pharmacology 


SECTION 

Section  on  Pharmacology 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS 


1.5 


PROFESSIONAL 


1.0 


0.5 


CHECK  APPROPRIATE  BOX(ES| 

D  (a)  Human  subjects 
D   (al)  Minors 
D   (a2)  Interviews 


D  (b)  Human  tissues  \3  (c)  Neither 


SUMMARY  OF  WORK  (Use  stanOard  unreduced  type  Do  not  exceed  tt>e  space  provided ) 


Glutathione  and  another  substance  have  been  previously  indicated  to  be 
regulators  of  the  activity  of  a  valyl-tRNA  synthetase.  The  latest  evidence  is 
that  the  critical  activator  substance  is  an  iron-containing  polypeptide  that 
affects  the  enzyme's  affinity  for  tRNA. 


90 


PHS  6040  (Rev    1/84) 


u  s  sovcnMCNT  ntMTic  offiq  i»  o-Bi-sag 


DEPARTMENT    OF    HEALTH    AND    HUMAN    SERVICES   -    rUBLIC    HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROXCT  NUMBER 

ZOl    DK   23,330-14    LBP 


PERCD  COVERED 
October   1,    1991,    through   September   30,    1992 


TITLE  Of  PROJECT  (80  characters  or  less.   TItJe  must  fit  on  or)e  line  between  the  borders.) 
Aldoheptose  Biosynthesis   and   Its   Regulation   and  Hepatitia   Non-A,    Non-B 


PRINQPAL  INVESTIGATOR  (List  other  professional  personnel  below  tfie  Principal  ln\/estigator.)  (Name,  title,  laboratory,  ami  institute  affiliation) 
PI:  William  G.    Coleman,    Jr.,    Ph.D.      Research  Microbiologist  LBP  NIDDK 

Others:   Lishi  Chen,  Ph.D.  Visiting  Associate  LBP  NIDDK 

Li  Ding,  Ph.D.  Visiting  Fellow  LBP  NIDDK 


COOPERATING  UNITS  (if  any) 


LAB/BRANCH 

Laboratory  of   Biochemical   Pharmacology 


SECTION 

Section   on   Pharmacology 


wsrrruTE  and  locaton 

NIDDK,  NIH,  Bethesda,  Maryland  20892 


TOTAL  STAFF  YEARS; 
3.8 


PROFESSONAU 

3.0 


OTHER: 
0.8 


CHECK  APPROPRIATE  BOX(ES 

(a)  Human  subjects      '       (b)  Human  tissues  '  x  (c)  Neither 

(a1)  Minors 
(a2)  Interviews 


SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Aldoheptose  Biosynthesis .  E.  coli  K-12  aldoheptose  (i.e.,  L-glycero-D- 
mannoheptose)  mutants  carrying  the  cysE-pyrE  linked  mutation  rfaD  or  rfa-2,  were 
previously  isolated  and  genetically  characterized.  These  mutations  result  in  L- 
glycero-D-mannoheptose  deficient  Lipopolysaccharide  (LPS)  .  Thus,  the  rfaD  and 
rfa-2  mutants  produce  a  truncated  LPS  that  is  primary  a  lipid  A-2-)ceto-3- 
deoxyoctulosonic  acid  structure  (i.e.,  chemotype  Re)  These  mutants  possess  an 
outer  membrane  (OM)  that  is  characteristically  more  permeable  to  a  number  of 
hydrophobic  agents.  The  molecular  genetics  and  biology  of  the  rfaD  gene  has 
been  completed  and  reported  by  this  laboratory.  An  efficient  rfaD  gene 
expression  system  and  a  two-step  purification  protocol  for  the  rfaD  gene  product 
(ADP-L-glycero-D-mannoheptose-6-epimerase)  was  developed.  The  enzyme  thus 
purified  was  found  to  be  greater  than  95%  pure,  and  it  was  highly  active.  Key 
)cinetics  and  physical  characterization  studies  of  the  epimerase  are  complete. 
Preliminary  crystals  of  the  epimerase  have  been  obtained.  Structural  and 
funtional  homology  of  the  Pseudomonas  aeruginosa  rfaD  gene  and  its  E.  coli 
counterpart  is  indicated.  The  second  mutation,  designated  rfa-2,  has  been 
exploited  to  define  the  rfa~2  gene  and  resolve  its  sequence  and  flanJcing 
nucleotides,  as  well  as  determine  its  physical  location  on  the  E.  coli 
chromosome  relative  to  the  rfaD  gene.  A  rf a-2-6xHISTAG  gene  fusion  has  been 
constructed  to  facilitate  the  purification  of  the  rfa-2  gene  product. 
Interspecific  complimentation  studies  demonstrated  that  the  E.  coli  K-12  rfa-2 
gene  complements  the  chemotype  Re  LPS  mutant  of  S. typhimurium,  designated  rfaC. 
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LI  family  as  well  as  recently  evolved  clades  of  the  modem  rat  LI  family  indicate  that  episodic 
LI  anplification  haa  occurred  repeatedly  during  manmalian  evolution.  Vie  have  also  shown  that 
analysis  of  an  ancient  anplification  e^«nt  can  be  a  novel  and  powerful  tool  for  determining 
phylogenetic  relaticg^ships  between  modem  animeds.  Our  previous  demonstration  that  the  rat  LI 
family  contains  an  active  regulatory  region  was  the  first  evidence  that  LI  CNA  is  not  just  soie 
non-functional  "junk"  ENA.  We  have  further  characterized  the  L.1  regulatory  region  and  found  that 
it  contains  three  regions  that  can  fosn  ^secific  ENA: protein  ocnplexes  with  nuclear  proteins. 
Deletion  analysis  shows  that  one  region  binds  a  transcriptional  stiinilatory  factor.  Vie  also  ha\« 
found  that  the  LI  regulatory  region  activates  both  kno«4n  and  cryptic  prcnoters  located  5',  but 
not  3',  to  it,  in  an  orientation  dependent  manner.  Therefore,  the  LI  regulatory  region  is  not  an 
"enhancer"  sequence  in  the  usual  sense.  V»e  previously  showed  that  the  LI  guanine-rich 
polypurinerpolypyrimidine  sequence  destabilizes  contiguous  diplex  DNA,  adapts  several  non^  DNA 
structures  in  vitro,  and  that  the  LI  nai-B  structures  oaipete  with  target  site  non^  structures 
for  supercoil  energy  which  in  vivo  might  modulate  the  sv^aercoil  dependent  properties  of  LI 
elements  and  their  target  sites.  Vfe  now  find  that  the  LI  polypurinerpolypyrimidine  sequence 
decreases  the  replication  of  plasmids  in  both  bacteria  and  manmalian  cells  and  alters  the 
apparent  activity  of  certain  eu3caryotic  prcmoters  in  vivo.  In  parallel  studies  we  have  shown 
that  homoguanine  stretches  enhance  the  nutation  and  recortsination  rate  of  adjacent  DNA  sequences 
in  vivo. 
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During  T4  infection,  transcriptional  control  is  accon^lished  by  phage-encoded 
factors  that  alter  the  specificity  of  the  host  RNA  polymerase.  Using  an  in  vitro 
transcription  system  composed  of  T4-modified  host  RNA  polymerase  and  the  T4 
transcriptional  activator  MotA,  we  are  investigating  the  action  of  MotA  at  the  T4 
middle  promoter  PuvsX.  We  have  found  that  transcription  from  PuvsX  in  vitro  is 
sensitive  to  the  addition  of  the  polyanion  heparin  before  but  not  after  the 
addition  of  MotA.  This  result  suggests  that  MotA  is  needed  to  form  an  open 
complex  at  PuvsX  (the  complex  in  which  polymerase  has  partially  unwound  the 
promoter)  since  open  complexes  are  known  to  be  heparin  resistant.  We  have 
partially  purified  and  characterized  a  mutant  MotA  protein,  MotA21  in  which  the 
first  8  amino  acids  of  MotA  have  been  substituted  with  11  different  amino  acids. 
Although  MotA21  binds  to  the  PuvsX  promoter  nearly  as  well  as  MotA,  MotA21  does 
not  support  transcription  from  PuvsX  ^^  vitro.  These  results  are  consistent  with 
the  motA21  mutation  affecting  a  domain  of  MotA  that  is  involved  in  transcriptional 
activation  rather  than  DNA  binding. 

The  T4  gene  aegA  encodes  a  piotein  that  shares  regions  of  similarity  with  a 
family  of  group  I  intron-encoded  endonucleases  present  in  fungi  and  phage.  These 
proteins  are  required  for  the  movement  ('homing')  of  the  intron  DNA  into  its 
intronless  gene,  cutting  at  or  near  the  site  of  intron  insertion.  Like  these 
endonucleases,  SegA  is  a  Mg "'"'■-dependent  DNA  endonuclease  which  cuts  with  some 
sequence  specificity,  but  it  does  not  appear  to  be  associated  with  an  intron.  We 
have  used  primer  extension  analyses  to  determine  the  exact  positions  of  cutting  by 
SegA  at  three  preferred  sites.  While  these  three  sites  share  some  sequence 
elements,  a  consensus  sequence  cannot  be  deduced.  This  suggests  that  either  SegA 
does  not  require  a  set  of  invariant  bases  or  it  recognizes  some  feature  of  the  DNA 
other  than  sequence  alone.  From  a  screening  of  the  genomes  of  30  T-even  liJce 
phage,  we  find  that  the  segA  gene  appears  to  be  missing  in  all  these  genomes, 
consistent  with  the  idea  that  the  seqA  gene  was  or  is  mobile. 
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Pure  rat  brain  tubulin  can  be  cross-linked  by  ultraviolet  irradiation  of 
tubulin-colchicine  complexes  at  the  high  wavelength  maximum  of  colchicine  to 
form  covalent  dimers>trimers>tetramers .  With  colchicine  concentrations  ~3xl0~^M 
(mole  ratio  to  tubulin  3-12)  and  irradiation  for  5-10  min  at  95-109  mW/cm^,  the 
yield  of  dimers  is  11-17%  and  of  trimers  is  4-6%  of  the  total  tubulin.  The 
oligomers  show  polydispersity  and  anomalously  high  apparent  molecular  masses 
that  converge  toward  expected  values  in  low-density  gels.  Maximal  dimer  yields 
are  obtained  with  MTC  and  the  decreasing  photosensitizing  potency  is 
MTC>colchicine>colchicide>isocolchicine>thiocolchicine .  Single-ring  troponoids 
also  promote  dimerization.  The  initial,  low-affinity,  binding  step  of 
colchicine  and  its  analogues  is  sufficient  to  photosensitize  tubulin 
dimerization. 

Stepwise  denaturation  of  pure  tubulin  with  urea  shows  that  the  five  readily 
measured  function  properties  differ  markedly  in  the  sensitivity  to  different 
urea  concentration  and  suggest  stepwise  unfolding  of  the  molecule. 
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iunr^^i  OF  ^ORK  (Use  sianaara  unreduced  type  Do  not  exceea  the  space  proviaea )  The  tryptophan  synthase  (X2P2 
multienzyme  complex  is  an  excellent  model  system  for  investigating  enzyme 
mechanism,  protein-protein  interaction,  the  allosteric  mechanism  and  metabolite 
channeling.  Correlations  between  the  functional  properties  of  wild  type  and  mutant 
forms  of  tryptophan  synthase  and  the  three-dimensional  structure  have  produced 
recent  important  results:    (1)   Mftc;haniam   of   pyridoxal   phosphate-dependent 


reactions .   Lysine-87  forms  a  Schiff  base  with  the  pyridoxal  phosphate  coenzyme  in 


active  site  of  the  wild  type  P  subunit .  Changing  lysine-87  to  threonine  produces 
an  inactive  mutant  02^2  complex  that  forms  enzyme-substrate  intermediates  very 
slowly.  Spectroscopic  and  kinetic  studies  of  this  mutant  enzyme  show  that  lysine- 
87  serves  critical  roles  in  transiraination,  catalysis,  and  product  release.  Two 
new  crystallographic  structures  of  this  mutant  enzyme  containing  bound  L-serine  or 
L-tryptophan  reveal  important  information  about  the  substrate  binding  site  of  the  p 
subunit.  (t.)  Mechanism  of  subunit  communication.  Studies  using  site-directed 
mutagenesis  and  limited  proteolysis  provide  evidence  that  a  flexible  loop  in  the  0 
subunit  is  important  for  ligand  binding  and  for  communicating  the  effects  of  ligand 
binding  from  the  a  subunit  to  the  P  subunit  in  the  02^2  conplex.  A  residue  in  the 
a  subunit  loop  (threonine-183)  plays  a  critical  role  in  modulating  the  enzymatic 
activity  of  the  P  subunit  in  the  O2P2  complex.  Two  a  subunit  residues  that  are 
located  in  the  interaction  site  between  the  a  and  p  subunits  (proline-57  and 
proline-132)  are  important  for  mutual  subunit  interaction  and  activation.  Mutation 
of  glutamate-49,  aspartate-60,  or  glycine-51  in  the  a  subunit  inhibits  the 
transition  of  the  a  subunit  from  open  to  a  closed  form  and  alters  the  kinetics  of 
metabolite  channeling.  (3)  Conformational  atat-ps  of  the  P  subunit.  Our  finding 
that  the  dimeric  wild  type  P  subunit  is  only  50%  inactivated  by  P-chloro-L-alanine 
can  be  explained  by  the  presence  of  two  conformers  of  the  subunit  in  solution:  one 
conformer  is  rapidly  inactived  by  P-chloro-L-alanine  and  the  other  conformer  is  not 
activated.  This  putative  mechanism  is  supported  by  investigations  using  steady- 
state  kinetics  and  spectroscopic  and  electrophoretic  methods. 
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The  concentration  gradients  of  radiolabeled  proteins  at  sedimentation 
equilibrium  were  measured  with  high  accuracy  and  precision  using  a  new 
microfractionation  device  and  new  counting  techniques. 

The  calcium-linked  self-association  of  human  complement  sub-component  Cls  was 
quantitatively  characterized  via  measurement   of  sedimentation  equilibrium. 

A  c[uantitative  model  for  the  role  of  macromolecular  crowding  in  the  regulation 
of  cellular  volume  has  been  developed. 
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We  are  continuing  our  study  of  the  E.    Coli   bacteriophage  T4  model  system  for 
duplex  DNA  replication  in  which  efficient  DNA  replication  in   vitro   is  achieved  with 
purified  proteins  encoded  by  T4  phage:  T4  DNA  polymerase  (gene  43),  gene  32  DNA 
helix-destabilizing  protein,  the  gene  44/62  and  gene  45  polymerase  accessory 
proteins,  the  genes  41,  61,  and  59  primase-helicase,  RNase  H,  and  DNA  ligase. 

Assembiy  of  the  polymerase  and  accessory  proteins  on   the  primer   template. 
We  have  previously  used  cross-linking  of  proteins  to  photo-activatable  residues  at 
specific  nucleotides  in  the  primer  to  determine  the  position  of  polymerase  and  each 
of  the  accessory  proteins  on  the  primer.   In  order  to  position  these  proteins  on 
the  template  strand,  and  to  study  the  steps  in  the  assembly  of  the  coiiplex  by  a 
gel-mobility  shift  assay,  we  are  conducting  a  systematic  analysis  to  determine  the 
minimum  size  primer-template  that  will  allow  the  proper  assembly  of  the  complex. 

Construction  and  analysis  of  mutations  in  T4  DNA  polymerase.      T4  DNA  polymerase 
has  extensive  euaino  acid  sequence  siiailarity  with  a  large  family  of  prokaryotic  and 
eukaryotic  DNA  polymerases.   We  are  using  in  vitro   mutagenesis  to  determine  the 
function  of  these  conserved  regions  and  to  try  to  identify  regions  of  the 
polymerase  in^ortant  for  its  interaction  with  the  other  T4  replication  proteins.  We 
have  constructed  a  polymerase  lacking  the  editing  exonuclease  by  changing  a 
conserved  amino  acid  in  the  N-terminal  region.   This  mutant  retains  its  polymerase 
activity  and  interacts  normally  with  the  accessory  proteins,   T4  phage  with  the 
exonuclease  defective  polymerase  gene  have  a  very  high  rate  of  mutation  in   vivo. 

Function  of  the   T4  gene  59  helicase  assembly  factor.      The  addition  of  59  protein 
to  the  other  seven  replication  proteins  gives  a  marked  increase  in  synthesis  on 
duplex  DNA.   We  are  currently  studying  how  and  where  this  synthesis  is  initiated. 

T4  RNaseH.  We  have  identified  a  T4  gene  encoding  an  RNaseH,  and  shown  that  the 
purified  protein  removes  RNA  primers  in  vitro.  We  have  constructed  a  phage  mutant 
with  a  deletion  within  the  RNaseH  gene,  and  shown  that  this  gene  is  essential  in  a 
host  that  is  lacking  both  RNaseH  and  5  to  3  exonuclease  of  Pol  I. 

Structure  of  the   T4  replication  proteins.      We  have  begun  a  collaboration  with 
Craig  Hyde,  NIAMS,  to  try  to  crystallize  these  proteins. 
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SUMMARY  Of  WORK  (Use  stanaara  unreduced  type   Do  not  exceed  the  space  provided ) 

Cooperative  binding  systems  are  being  studied  taking  into  account  site  or  sub- 
unit  interactions,  ligand  interactions,  aggregation  and  redistribution  in  pro- 
teins, and  model  systems.  Methods  are  being  developed  to  evaluate  reasonable 
values  for  the  parameters  describing  these  systems. 

Amino  acid  sequences  of  proteins  are  analyzed  primarily  with  the  Monte  Carlo 
techniques  to  evaluate  the  uniqueness  and  similarity  of  these  sequences.  The 
property  of  uniqueness  (the  occurrence  of  a  small  peptide  at  a  frequency 
considerably  less  than  that  expected)  has  been  quantified,  and  speculations  on 
this  quantity  and  the  immune  response  are  under  continued  investigation. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Polyamines  (putrescine,  spermidine,  and  spermine)  are  major  cellular  components 
and  have  been  shown  to  be  involved  in  many  systems  related  to  growth  and  differ- 
entiation. Our  current  and  older  studies  have  been  directed  at  learning  how  these 
polyamines  are  synthesized  and  regulated,  and  their  physiological  function.  We 
have:  (1)  established  the  pathways  for  the  biosynthesis  of  these  amines  in 
prokaryotes  and  eukaryotes  and  isolated  the  enzymes  for  the  various  steps  in  the 
pathv'cys;  (2)  identified  the  genes  responsible  for  each  of  the  biosynthetic  steps 
and  constructed  mutants  with  deletions  in  the  various  genes;  (3)  constructed 
plasmids  that  contain  these  genes  and  used  the  strains  containing  these  plasmids 
to  overproduce  the  encoded  enzymes;  (4)  used  the  amine-def icient  mutants  to  study 
the  physiological  effects  of  polyamine  deprivation;  (5)  sequenced  the  gene  coding 
for  S-adenosylmethionine  decarboxylase  in  both  E.  coli  and  S.  cerevisiae  and  the 
gene  coding  for  spermidine  synthase  in  E.  coli;  (6)  demonstrated  that  S- 
adenosylmethionine  decarboxylase  is  first  formed  as  a  proenzyme  in  both  E.  coli 
and  yeast  and  is  cleaved  post-translationally  with  the  conversion  of  serine  to  a 
covalently-bound  pyruvoyl  group  that  is  essential  for  activity;  and  (7)  studied 
thu  effect  of  site-specific  mutagenesis  on  the  conversion  of  the  proenzyme  to  the 
active  enzyme.  The  most  recent  work  involves  the  physiological  effects  of 
complete  polyamine  deprivation  resulting  from  a  null  mutation  in  the  gene  (spe2) 
for  S-adenosylmethionine  decarboxylase  in  S.  cerevisiae.  In  addition  to  marked 
microscopic  changes,  these  polyamine -deficient  cells  show  gross  abnormalities  in 
the  cell  envelope  and  in  the  mitochondria,  indicating  the  importance  of 
spermidine/spermine  in  the  biosynthesis  and/or  integrity  of  these  cell  moieties. 
Many  of  our  recent  studies  suggest  that  polyamines  have  a  critical  role  in  the 
protection  of  the  yeast  cell  against  oxidative  damage  in   vivo. 
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SunriARY  OF  WORK  (use  standard  unreduced  type  Do  not  exceed  the  space  provided) 

We  study  the  mechanism  of  propagation  of  the  L-A  dsRNA  virus  of  the  yeast 
Saccharomyces  cerevisiae,  the  host  genes  which  it  uses  for  this  purpose  and  the 
mechanisms  by  which  the  host  limits  viral  propagation  to  prevent  viral 
cytopathology.  We  find  that  the  N-terminal  1/4  of  the  L-A  pol  gene  is  needed 
for  encapsidation  of  viral  RNA,  but  that  only  gag  is  needed  to  assemble  viral 
particles.  We  have  found  that  pol  encodes  three  ssRNA  binding  regions,  one  of 
which  is  cryptic,  its  activity  being  inhibited  by  a  region  C-terminal  to  this 
binding  region.  One  of  the  ssRNA  binding  regions  of  pol  is  within  the  region 
necessary  for  packaging,  suggesting  that  this  is  its  in  vivo  role.  The  others 
are  likely  to  be  involved  in  RNA  replication  and  transcription.  The  assembly 
process  requires  the  mak3  N-acetyltransferase  that  acetylates  the  N-terminus  of 
gag.  Stable  particle  formation  also  requires  the  MAKIQ  protein,  particularly  if 
the  particles  are  completely  full. 

The  six  SKI  genes  comprise  a  host  system  to  limit  the  replication  of  three 
unrelated  dsRNA  and  ssRNA  replicons.  We  have  obtained  evidence  that  they  do 
this  by  limiting  the  translation  of  uncapped  messages. 

We  have  isolated  mutations  in  several  chromosomal  genes  that  result  in 
substantial  increases  in  the  efficiency  of  the  -1  ribosomal  f rameshifting  that 
L-A  uses  to  synthesize  its  gag~pol  fusion  protein.  We  find  that  the  efficiency 
of  f rameshifting  is  critical  to  viral  propagation,  suggesting  that  drugs 
affecting  this  process  may  be  useful  against  retroviruses. 

The  [URE3]  non-Mendelian  genetic  element  of  yeast  requires  for  its 
propagation  the  tJRE2  chromosomal  gene.  We  have  evidence  that  [URE3]  is  a  prion 
of  yeast. 
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The  complex  role  of  the  cytoskeleton  in  the  intracellular  traffic  of  cholesterol 
from  droplet  to  mitochondrion  involves  not  only  microfilaments  and  microtubules 
(as  we  have  previously  shown) ,  but  also  involves  the  participation  of 
intermediate  filaments,  as  we  now  show  for  the  first  time.  The  disruption  of 
intermediate  filaments  with  acrylamide  enhances  steroidogenesis  as  efficiently 
as  ACTH  or  colchicine  although  each  has  a  different  time  course.  These  findings 
confirm  the  model  that  polymerized  filaments  can  act  as  a  barrier  of  cholesterol 
processing  in  steroid-product ing  cells. 
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Annual  Reports  of  the  Laboratory  of  Chemical  Biology 
National  Institute  of  Diabetes  and  Digestive  and  Kidney  Diseases 

The  Laboratory  of  Chemical  Biology  conducts  research  on  molecular  biology  and 
genetics,  especially  as  related  to  genetic  diseases,  and  on  the  structure,  function  and 
dynamics  of  proteins.  A  major  emphasis  of  the  Laboratory  is  in  understanding  the 
molecular  processes  involved  in  the  developmental  control  of  the  expression  of  the  human 
hemoglobin  genes.  As  part  of  this  work,  extensive  studies  on  the  pathophysiology  of 
genetic  diseases  of  hemoglobin  and  new  approaches  to  their  treatment  have  been 
developed.  A  second  major  emphasis  of  the  Laboratory  is  in  the  study  of  forces  that 
stabilize  globular  proteins.  A  third  program  concentrates  on  cytogenetic  analysis  of  patients 
with  genetic  illnesses.  Other  new  research  initiatives  include  the  study  of  transcriptional 
control  of  globin  genes  by  silencers  and  the  cloning  and  characterization  of  the  human 
erythropoietin  receptor  gene.  The  protocol  for  treatment  of  sickle  cell  disease  patients  with 
hydroxyurea  to  elevate  fetal  hemoglobin  has  been  enlarged  to  incli'de  protocols  with  the 
addition  of  recombinant  human  erythropoietin  and  also  Die  treatment  of  patients  with  the 
thalassemia  syndromes.  A  facility  for  the  production  of  transgenic  mice  has  been 
established. 

The  Laboratory  has  three  Sections.  The  Section  of  Protein  Chemistry  and 
Conformation,  under  Dr.  Hiroshi  Taniuchi,  is  devoted  primarily  to  studying  the  folding 
and  assembly  of  globular  proteins,  especially  cytochrome  £.  TTie  Section  on  Molecular 
Forces  and  Assembly  is  the  home  of  the  Cytogenetics  Unit  under  Dr.  Beverly  White, 
which  is  a  joint  endeavor  of  the  Inter-Institute  Genetics  f*rogram  of  the  Clinical  Center  and 
NEDDK.  The  Section  on  Molecular  Biology  and  Genetics,  under  Dr.  Alan  N.  Schechter,  is 
concerned  primarily  with  the-  molecular  basis  of  the  developmental  control  of  gene 
expression,  especially  in  human  erythroid  cells,  and  its  relevance  to  the  understanding  of 
the  molecular  basis  of  genetic  diseases  of  hemoglobin  and  the  red  blood  cell  and 
approaches  to  their  therapy.  A  Unit  on  Molecular  Hematology,  under  Dr.  Griffin  Rodgers, 
has  been  established  in  that  Section. 

During  this  last  year,  several  personnel  changes  have  occurred.  Dr.  Griffin  P. 
Rodgers  has  been  appointed  head  of  the  new  Unit  on  Molecular  Hematology.  Dr.  Betty 
Peters  is  the  recipient  of  a  fellowship  from  the  Roben  Wood  Johnson  Foundation  Minority 
Medical  Faculty  Development  Program.  Dr.  Yongji  Wu,  of  the  Peking  Union  Medical 
College  in  Beijing,  has  worked  in  the  Laboratory  for  an  extended  period  under  the 
Courtesy  Associate  Program  for  senior  scientific  visitors.  Dr.  Eitan  Fibach  of  the 
Hadassah  Medical  School  in  Jerusalem  Israel  has  come  to  the  Laboratory  as  a  Visiting 
Associate.  Dr.  Suthat  Fucharon  of  the  Maidol  Medical  School  in  Bangkok,  Thailand  have 
worked  in  this  Laboratory  under  sponsorship  of  the  World  Health  Organization.  Dr. 
Byung-kook  Kim  of  Seoul  National  University  School  of  Medicine  has  been  a  Visiting 
Scientist  in  this  Laboratory  under  sponforship  of  the  Korean  government.  Many  students, 
especially  those  in  the  MARC/MBRS  Program,  have  spent  periods  of  2  to  3  months  during 
the  summer  in  this  laboratory.  Dr.  C.  B.  Anfinsen  continues  as  a  Scientist  Emeritus  in  this 
Laboratory  and  is  a  frequent  visitor. 

Extensive  research  collaborations  exist  within  this  Laboratory  and  with  other 
Laboratories  in  this  Institute,  in  NIH,  and  nationally  and  internationally  as  outlined  in  the 
individual  Research  Project  Repons.  A  formal  collaboration  has  been  established  with  the 
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Clinical  Center's  Inter-Institute  Medical  Genetics  Program  to  fund  a  clinical  and  research 
cytogenetic  program.  Clinical  collaborations  also  exist  with  the  Qinical  Hematology 
Branch  of  NHLBI  and  other  units  for  the  purpose  of  evaluating  new  therapies  for  sickle 
cell  disease  and  the  thalassemia  syndromes.  Collaborations  with  several  industrial  firms, 
including  Isolabs,  Inc.  of  Akron,  Ohio  and  Chi  Associates  of  Alexandria,  Virginia  are 
being  established  by  various  new  administrative  mechanisms. 

Section  on  Protein  Chemistry  and  Conformation 

There  are  two  major  projects  underway  in  this  Section,  both  with  the  goal  of 
predicting  the  three  dimensional  structure  of  proteins  on  the  basis  of  the  amino  acid 
sequence.  One  project  uses  the  fragment  complex  system  of  cytochrome  c  for  studies  of 
the  kinetics  of  folding  and  unfolding  and  the  thermodynamics  and  the  structural  properties 
of  these  nxxlels  for  studying  protein  folding.  Over  the  years  several  different  complexes  of 
cytochrome  c  fragments  have  been  characterized  and  the  data  has  led  to  a  model  which  has 
recently  been  published.  This  model  describes  folding  in  terms  of  four  core  domains. 
Each  core  domain  consists  of  a  hydrophobic  core  and  its  surrounding  shell  and  lolds  and 
unfolds  as  a  unit.  Analysis  of  the  free  energy  change  for  folding  and  the  heat  stability  of 
various  complexes  containing  substituted  amino  acids  suggests  that  folding  is  associated 
with  an  increase  in  the  extent  of  the  core  group  interaction.  This  interaction  is  apparentiy  of 
long  range  and  does  not  seem  to  involve  solvent.  It  is  hypothesized  that  folding  of  one 
complex,  which  resembles  native  cytochrome  c,  is  a  process  of  unification  of  the  ordered 
core  of  the  core  domains  and  that  this  unification  is  associated  with  expansion  of  the  core 
group  interaction  to  generate  extra  stabilizing. energy.  This  hypothetical  core  group 
interaction  is  assumed  to  represent  a  new  type  of  non-covalent  interaction. 

A  second  project  is  to  study  antigen-binding  interactions,  which  are  fundamental  for 
immunology.  While  many  consider  a  combination  of  hydrophobic  interactions,  van  der 
Waal  interactions,  hydrogen  bonds  and  electrostatic  interactions  as  sufficient  to  describe 
this  interaction,  this  project  asks  whether  long-range  core  group  interactions  exists  to 
stabilize  the  structure.  For  this  study,  amide  hydrogen-exchange  of  three  monoclonal  IgG 
antibodies  to  yeast  iso-1 -cytochrome  c  and  the  Fab  fragment  of  one  of  these  antibodies  in 
the  presence  and  absence  of  the  immunogen  and  evolutionarily  related  species  has  been 
measured.  The  number  of  hydrogens  of  the  monoclonal  antibodies  whose  exchange  was 
suppressed  on  binding  to  the  immunogen  was  found  to  exceed  that  estimated  for  the 
residues  shielded  by  the  immunogen.  Suppression  occurs  mainly  for  the  Fab  domains,  but 
not  for  the  Fc.  One  of  the  antibodies  showed  two  distinct  classes  of  amide-hydrogens. 
Class  1  hydrogens  exchange  faster  than  class  2.  The  exchange  of  class  1  hydrogens  was 
suppressed  by  binding  to  the  immunogen  but  not  to  the  evolutionarily  related  species.  The 
exchange  of  class  2  hydrogens  was  suppressed  by  binding  to  the  evolutionarily  related 
species  as  well  as  to  the  immunogen.  Thus,  the  suppression  of  exchange  of  class  1 
hydrogens  appears  to  occur  by  some  kind  of  conformational  stabilization,  the  mechanism 
of  which  differentiates  between  the  immunogen  and  the  evolutionarily  related  species. 
Evidence  suggests  that  the  trans-interactions  of  the  Fab  domain  may  modulate  the  hydrogen 
exchange.  If  it  is  assumed  that  the  antigen-binding  strengthens  the  trans-interactions  in 
such  a  way  that  the  exchange  of  the  slower  exchanging  hydrogens  is  suppressed,  this  could 
explain  the  suppression  of  exchange  of  class  2  hy(£"ogens.  The  studies  are  consistent  with 
the  idea  that  the  antigen-antibody  interaction  is  not  confined  to  the  antigen-antibody 
interface  and  that  it  may  involve  some  long-range  interaction  with  distant  residues  of  the 
Fab.  As  a  step  to  achieve  mapping  of  such  residues,  the  variable  domain  of  the  heavy 
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chain  of  one  of  the  monoclonal  antibodies  has  been  essentially  completely  sequenced  based 
on  cDNA. 

Section  on  Molecular  Forces  and  Assembly 

The  Cytogenetics  Unit  reported  cytogenetic  analyses  of  221  patients  in  Qinical 
Center  protocols.  Clinical  studies  of  several  endocrine  disorders  required  confirmation  of 
cytogenetic  diagnosis  and  detection  of  genetic  variation  possibly  affecting  therapeutic 
response.  Cytogenetic  screening  was  also  done  to  determine  protocol  eligibility  or  to  reveal 
constitutional  aberrations  which  might  reveal  gene  localization  in  unmapped  single  gene 
disorders.  In  some  diseases,  secondary  aberrations  which  might  play  a  role  in 
development  of  clinical  abnormalities  were  analyzed.  No  cytogenetic  abnonnalities  were 
seen  in  29  new  patients  with  mental  disorders.  However,  a  translocation  previously 
detected  in  a  schizophrenic  patient  was  found  in  his  relatives;  cell  lines  were  established 
firom  the  family,  but  linkage  studies  were  deferred  because  the  rearrangement  and  mental 
problems  were  not  consistently  associated.  Fluorescent  in-situ  hybridization  (FISH)  with 
chromosome-specific  satellite  DNA  probes  was  used  for  investigation  of  a  patient  with 
premature  ovarian  failure  and  an  X-autosome  rearrangement,  twin  sisters  with  the  Turner 
syndrome  and  a  minute  Y  chromosome,  a  previously  reported  patient  with  mosaic  Down 
syndrome,  and  a  46,XX  male  with  hermaphroditism.  Cell  lines  from  several  of  these 
patients  are  being  studied  to  detect  and  localize  molecular  defects  and  correlate  them  with 
clinical  manifestations. 

The  Unit  is  affiliated  with  the  NIH  medical  generics  program,  is  accredited  by  the 
ABMG  to  provide  post-doctoral  training  in  clinical  laboratory  cytogenetics,  and  provides 
clinical  consultations.  It  also  participates  in  the  College  of  American  Pathologists 
cytogenetics  proficiency  testing  program,  which  is  required  for  accreditation  of  the  genetics 
and  pathology  training  programs. 

Section  on  Molecular  and  Biology  and  Genetics 

The  Section  was  involved  in  four  major  research  areas:  1)  Study  of  the  molecular 
genetic  control  of  the  developmental  biology  of  the  human  hemoglobin  genes,  especially 
the  role  of  the  epsilon  globin  gene  transcriptional  silencer,  2)  Evaluation  of  the  effects  of 
hydroxyurea  and  erythropoietin  on  the  treatment  of  genetic  diseases  of  hemoglobin  (sickle 
cell  disease  and  thalassemia  syndromes)  and  study  of  the  generic  mechanism  of  action  of 
these  drugs;  3)  Investigation  of  the  pathophysiology  of  sickle  cell  disease  and  the 
development  of  methods  to  predict  the  severity  of  the  disease  and  evaluate  responses  to 
therapy;  and  4)  Study  of  the  transcriptional  control  of  the  human  erythropoietin  receptor 
and  its  role  in  the  cell  biology  of  human  erythropoiesis.  A  brief  summary  of  each  of  these 
areas  of  laboratwy  and  clinical  investigation  follows: 

1 )  Developmental  Biology  of  Human  Hemoglobin  Genes 

We  have  been  studying  the  molecular  genetic  mechanisms  that  control  the 
developmental  switch  from  embryonic  to  fetal  to  adult  hemoglobins  with  respect  to  their 
basic  biology  and  their  relevance  to  developing  new  therapies  for  diseases  of  hemoglobin. 
To  study  these  processes  we  have  been  using  two  model  systems:  the  K562 
erythroleukemic  cells  and  transgenic  mice.  K562  is  an  erythroleukemic  cell  line  used  for 
the  last  decade  as  a  model  for  the  study  of  the  control  of  human  globin  gene  expression. 
These  cells  do  not  support  transcription  of  the  beta-globin  gene  but  do  express  transcripts 
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of  epsilon-  and  gamma-globin  genes  at  very  high  levels  when  exposed  to  a  number  of 
inducing  agents.  Results  from  tihis  and  other  laboratories  suggest  that  the  control  of  this 
pattern  of  expression  is  mediated  by  the  presence  and/or  absence  of  trans-acting  factors 
which  exert  Uieir  action  on  sequences  corresponding  to  the  promoters  of  these  genes.  In 
the  last  few  years  transgenic  mice  have  become  an  excellent  model  system  for  studying 
globin  gene  expression,  and  are  supplementing  the  use  of  human  cell  lines. 

We  have  previously  reported  the  presence  of  a  transcriptional  control  element  with 
properties  of  a  silencer  extending  from  -392  to  -177  l^  relative  to  the  cap  site  of  the  human 
epsilon-globin  gene.  Using  deletion  mutants  and  synthetic  oligonucleotides  in  transient 
expression  assays,  DNA  sequences  responsible  for  this  effect  have  been  further  delimited 
to  44  nucleotides  located  between  -294  and  -251  bp.  Gel  electrophoresis  mobility  shift 
assays  and  DNasel  footprinting  assays  demonstrate  that  these  negative  regulatory 
sequences  are  recognized  differentiy  by  proteins  present  in  nuclear  extracts  obtained  from 
HeLa  and  K562  cells.  The  protein  present  in  K562  cells,  but  not  in  HeLa  cells,  that 
interacts  specifically  with  this  silencer  binds  to  the  same  sequence  recognized  by  the  yeast 
binding  protein  ABFl. 

We  have  now  used  the  K562  in  vitro  transcription  system  to  examine  the  silencer. 
We  find  that  K562  NE  has  markedly  reduced  synthesis  of  RNA  in  vitro  from  epsilon- 
globin  gene  DNA  deletion  templates  which  contain  the  silencer  sequence,  or  part  thereof, 
but  not  the  adjacent  5'  positive  regulatory  region  (-453  to  -535  bp).  Furthermore,  those 
transcripts  generated  in  vitro  from  DNA  templates  extending  to  -453  bp  or  less  of  the 
epsilon-globin  gene  were  not  correctiy  initiated  at  the  canonical  cap  site.  Separating  the 
K562  NE  by  ion  exchange  chromatography,  we  isolated  fraction  (F50)  which  contains  the 
trans-acting  factors  associated  with  the  silencer  activity.  This  suppression  by  F50  was  not 
observed  on  transcriptional  activity  of  the  permissive  adenovirus  2  major  late  promoter.  In 
electrophoretic  mobUity  shift  assays  using  the  epsilon-globin  gene  silencer  region  as  probe, 
F50  and  F175  exhibited  different  DNA  binding  protein  patterns:  a  specific  protein  band  in 
F50  appears  to  be  associated  with  the  silencer  activity. 

Using  DNase  I  footprinting,  we  have  identified  several  sites  of  protein  binding  to 
the  silencer.  The  major  protected  region  shares  a  high  percentage  of  homology  with  the 
binding  sites  of  an  erythroid  specific  transcription  factor  GATA-1,  a  yeast  silencer  binding 
protein,  ABF-1,  and  the  newly  discovered  YYl  transcriptional  regulator.  Using  gel 
mobility  shift  assays  with  K562  nuclear  extract,  yeast  ABF-1  protein  and  a  probe 
bracketing  the  major  protected  region  and  competitor  DNA  with  mutations  in  the  sites 
homologous  to  GATA-1  and  ABF-1  binding  sites  we  have  demonstrated  that  a  protein, 
likely  GATA-1,  binds  to  the  GATA  site  in  Ae  silencer  and  that  another  protein,  likely  a 
human  homologue  of  ABF-1  or  YYl,  binds  to  the  silencer.  We  are  currently  in  the  process 
of  examining  the  function  of  mutations  made  in  ABF-1  ATI  and  GATA  binding  sites. 

To  delineate  the  molecular  mechanism  of  the  epsilon  globin  gene  silencer  activity  and 
its  possible  role  in  the  developmental  regulation  of  epsilon  gene  expression,  further 
characterization  of  epsilon  gene  transcription  initiation  sites  in  cell  systems  where  the 
epsilon  gene  is  up  and  down  regulated,  such  as  MB-02  and  the  two-phase  liquid  culture 
system  of  Fibach,  was  studied.  A  variety  of  clues  in  the  literature  and  in  our  own  data 
suggested  that  the  epsilon  silencer  could  affect  transcription  initiation.  We  have  now 
shown  that  in  MB-02  cells  levels  of  correctly  initiated  epsilon  transcripts  are  significantly 
lower  than  in  K562  cells.  Correctly  initiated  epsilon  transcripts  were  not  detectable  in 
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normal  cells  prepared  in  the  liquid  culture  system.  We  have,  however,  observed  a  smaller 
band  in  Tl  analysis  using  a  specific  probe  for  exon  I  and  5'  upstream  region  of  the  cpsilon 
globin  gene.  Moreover,  using  the  exon  11  of  the  epsilon  gene  as  probe  in  Tl  analysis  we 
have  detected  the  expected  band  and  also  a  few  smaller  bands.  Quantitadng  of  epsilon  exon 
I  transcripts  using  cDNA  amplification  showed  a  small  amount  of  correctly  initiated  epsilon 
transcripts  in  normal  cells.  Further  characterization  of  the  smaller  bands  will  test  the 
possible  role  of  the  epsilon  gene  silencer  in  regulation  of  developmental  expression  of  the 
cpsilon  gene.  The  data  so  far  are  compatible  with  our  original  hypothesis  that  the  silencer 
affects  transcriptional  initiation. 

We  have  also  initiated  studies  using  the  transgenic  technique  to  study  the  epsilon- 
globin  silencer,  constructs  with  the  silencer  sequence  mutated  are  being  compared  to  those 
with  these  nucleotides  intact  for  their  effect  on  expression  of  the  epsilon  globin  gene  in  the 
embryonic  and  adult  mouse. 

2)  Treatment  of  Genetic  Diseases  of  Hemoglobin 

Our  group  has  focused  on  pharmacologic  manipulation  of  fetal  hemoglobin  levels  in 
patients  with  genetic  defects  of  hemoglobin.  We  have  previously  shown  that  hydroxyurea 
(HU)  treatment  of  severely  affected  sickle  cell  patients  results  in  about  a  70  to  75% 
response  rate  defined.  We  have  subsequentiy  treated  six  patients  with  beta  thalassemia 
intermedia  with  HU.  Two  patients  showed  an  increase  of  at  least  2-fold  in  HbF  levels  and 
of  5-fold  in  gamma  globin  mRNA.  Curiously,  two  other  patients  showed  an  obvious 
increase  primarily  in  beta-globin  biosynthesis  corresponding  to  an  increase  in  beta-mRNA 
transcripts  without  a  change  in  gamma  globin  synthesis.  Thus,  in  addition  to  its  effects  in 
stimulating  gamma  globin  synthesis,  HU  may  be  useful  in  the  context  of  treatment  of  beta 
thalassemia  through  other  mechanisms. 

In  an  effort  to  achieve  higher  levels  of  hemoglobin  F,  in  a  more  pancellular 
distribution,  we  have  recentiy  treated  four  patients  with  sickle  cell  disease  who  were 
receiving  hydroxyurea  for  periods  of  5- 15  months  on  four  consecutive  days  with  escalating 
dose  of  recombinant  erythropoietin  (EPO)  for  7  weeks,  given  on  the  alternate  three  days 
along  with  oral  iron  sulfate.  In  these  four  patients  such  combination  therapy  was 
associated  with  a  1.4  to  3  fold  increase  in  F-reticulocytes,  a  1.3  to  2  fold  increase  in  F-cells 
and  a  1 .4  to  2  fold  increase  in  the  percentage  of  hemoglobin  F  when  compared  to  the 
maximal  values  previously  achieved  on  hydroxyurea  alone. 

In  order  to  improve  our  understanding  of  the  mechanisms  of  action  of  HU,  two 
HbSS  patient  and  two  beta-thalassemia  patient  (with  rVS-2  nt  654  cytosine  to  thymine,  CD 
41-42  mutations)  who  received  HU  treatment  were  studied  for  changes  in  alpha,  beta,  and 
gamma  mRNA  levels  by  our  newly  developed  competitive  polymerase  chain  reaction 
(PCR)  method.  PCR  quantitation  was  achieved  by  reverse  transcriptase  (RT)  production 
of  cDNA  from  mRNA  in  nucleated  peripheral  blood  cells  and  subsequent  competitive 
analysis  of  absolute  mRNA  levels.  The  results  showed  that  the  gamma-globin  mRNA 
amount  was  increased  by  about  50-fold  and  the  absolute  magnitude  of  the  change  in  gamma 
-mRNA  levels  were  similar  in  the  SS  and  beta-thalassemia  patients.  Increases,  but  to  a 
smaller  extent,  were  also  observed  in  alpha  and  beta  globin  mRNA  levels.  These  results 
suggest  that  the  molecular  mechanism  of  HU  (and  perhaps  other  related  compounds)  is  a 
general  one  on  expression  of  all  globin  genes,  but  greatest  for  gamma. 
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In  order  to  gain  insight  into  the  possible  genetic  mechanisms  underlying  the  effects 
of  HU,  we  used  cation  exchange  (CE)  and  reverse-phase  high  performance  liquid 
chromatography  (HPLC)  to  examine  changes  in  the  levels  of  each  hemoglobin  species. 
Samples  from  ten  patients  treated  with  HU  were  analyzed  approximately  twice  each  week. 
Within  the  first  50  days  of  HU  treatment,  HbF  increased  on  average  from  3.3%  to  7%. 
The  patients  had  an  average  initial  ratio  of  G-gamma/A-gamma  of  0.72  which  did  not 
change  with  treatment  At  baseline,  approximately  15-20%  of  the  fetal  henwglobin  exists 
in  the  acctylated  form  (Fl)  as  determined  by  CE-HPLC,  independent  of  subtype.  With  HU 
treatment,  the  total  amount  of  FO  and  Fl  increases  roughly  proportional  to  the  increase  in 
F-reticulocytc  numbers.  Although  the  total  HbA2  level  appears  unaffected  by  treatment, 
there  is  an  increase  in  the  proportion  of  one  modified  HbS  species,  which  may  co-migrate 
with  Hb  A2,  after  about  50  days  of  treatment.  For  three  patients  treated  with  a  canbination 
HU  and  erythropoietin,  we  found  a  funher  increase  in  both  Fl  and  this  modified  HbS 
fraction  to  levels  approaching  5%  and  10%  respectively.  Subsequent  analysis  of  this 
modified  beta-globin  polypeptide  showed  that  the  NH2  was  not  blocked  (Edman 
sequencing)  and  that  the  modifier  had  a  mass  of  300,  close  to  the  one  of  glutathione  (307). 
A  dual  strategy  using  deblocking  and  synthetic  methods  has  been  used  followed  by  lEF 
analysis  and  confinned  the  glutathione  nature  of  the  adduct.  Chemically  modified  HbS  may 
interfere  with  HbS  polymerization  and  thus  have  an  added  clinical  benefit.  Acetylation  of 
other  proteins  (e.g.  histones)  may  be  involved  in  the  regulation  of  gene  expression; 
naturally  occurring  gluathione  adducts  have  only  been  reported  very  recently.  It  is  possible 
that  their  formation  is  related  to  metabolic  effects  of  HU  treatment  or,  as  with  acetylation, 
this  modification  may  be  indicative  of  induced  fetal  erythropoiesis. 

The  K562  human  erythroleukemia  cell  line  can  be  reversibly  induced  to  increase 
gamma-globin  gene  expression  in  response  to  hydroxyurea  and  other  agents.  We  are 
Sierefore  using  the  K562  cell  as  a  model  system  to  understand  the  mechanism  of  induction 
of  globin  gene  transcription.  K  562  cells  have  been  grown  in  the  presence  of  25mM  hemin 
and  lOOmM  hydroxyurea.  We  have  used  gel-retardation  electrophoresis,  DNA- 
footprinting  (DNase  I  and  methylation  protection),  in  vivo  genomic  DNA  footprinting,  and 
ion  exchange  and  affinity  chromatography  to  investigate  the  interaction  of  both  specific  and 
non-specific  proteins  to  globin  gene  promoter  DNA.  By  gel  shift  analysis,  we  show 
different  mobility  shift  patterns  at  -226  to  -134  of  the  gamma-gene  promoter  in  the  hemin 
and  HU  treated  cells.  This  suggests  the  possibility  of  a  novel  binding  activity  underlying 
the  hemin  and  hydroxyurea  effect. 

The  status  of  in  vivo  protein-DNA  interactions  in  the  promoter  region  of  the  G- 
gamma  gene  was  investigated  by  a  new  ligation -mediated  polymerase  chain  reaction 
(LMPCR),  using  N-ethyl,N-nitrosourea(ENU).  We  find  that  ENU  acts  efficiently  on 
suspension  cells  and  can  detect  protein-DNA  interactions  not  revealed  by  the  commonly 
used  dimethyl  sulfate(DMS)  method.  In  vivo  footprinting  results  suggest  that  both 
CCAAT  sites  are  activated  in  gamma-globin  gene  transcription,  octamer  binding  site  is 
specific  for  hemin  induction,  and  -50  and  -200  regions  have  major  roles  in  gamma-globin 
transcriptional.  The  protection  pattern  in  the  -200  region  strongly  suggests  that  repressor 
molecules  bind  in  adult  stage  and  activators  in  untreated  and  hemin  treated  K562  cells. 
Incubation  in  hydroxyurea  inhibits  binding  at  this  region. 
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3)  Pathophysiology  of  Sickle  Cell  Disease 

Microvascular  occlusion  by  poorly  deformable  erythrocytes  is  believed  to  be  the  key 
pathophysiologic  event  in  sickle  cell  disease.  A  quantitative  understanding  of  the  molecular 
and  cellular  processes  involved  in  the  loss  of  deformability  of  sickle  erythrocytes  as 
compared  to  normal  erythrocytes  is  crucial  for  clarification  of  the  pathophysiology  and 
treatment  of  this  disease.  The  main  determinant  of  Hb  S  polymer  fraction  in  any  population 
of  sickle  cells  is  oxygen  saturation,  and  polymer  fraction  can  be  calculated  as  a  function  of 
oxygen  saturation.  However,  the  exact  relationship  between  the  deformability  of  intact 
erythrocyte  and  the  formation  of  intracellular  Hb  S  polymer  is  not  yet  well  understood.  On 
the  other  hand,  both  the  abnormal  membrane  and  the  very  high  intracellular  Hb 
concentrations  in  the  populations  of  dense  sickle  cells  also  contribute  to  the  rigidity  of  these 
cells.  The  relative  contributions  of  these  factors  to  cell  rheology,  as  compared  to 
polymerization,  is  also  unknown.  We,  therefore,  investigated  the  effects  of  these  three 
factors:  intracellular  Hb  S  polymerization,  the  abnormal  membrane,  and  the  increased  total 
intracellular  Hb  concentration  in  some  cells  on  measured  erythrocyte  filterability 
(deformability)  quantitatively,  using  a  nickel  mesh  filtration  system.  In  this  study,  we 
found  by  increasing  the  proportion  of  dense  cells  in  populations  of  normal  or  sickle  cells 
and  equilibrating  these  cells  with  air  or  carbon  monoxide  (CO),  that  intracellular 
polymerization  contributes  about  4  times  as  much  as  intracellular  viscosity  and  twice  as 
much  as  abnormal  membranes  to  impaired  filterability,  and  that  an  increase  in  dense  cells, 
which  contained  Hb  S  polymer  due  to  the  high  cell  hemoglobin  concentration  (CHC), 
impaired  filtration  significantly  under  air-equilibrated  conditions.  Moreover,  we  estimated 
that  the  filterability  of  erythrocytes  containing  Hb  S  was  extremely  sensitive  to  small 
amounts  of  intracellular  polymer  and  that  impaired  filtration  was  almost  linearly  related  to 
intracellular  polymer  fraction. 

Variation  in  the  amount  of  sickle  hemoglobin  produced  in  the  erythrocyte  is 
influenced  by  the  production  of  other  hemoglobins  particularly  in  the  case  of  sickle  trait  and 
other  sickle  cell  syndromes.  A  detailed  analysis  in  collaboration  with  investigators  at 
Howard  University  School  of  Medicine  of  the  solubility  of  mixtures  of  hemoglobin  at 
various  oxygen  saturations  provides  the  means  to  predict  the  maximum  extent  of 
polymerization  within  the  sickle  hemoglobin  containing  erythrocyte  in  various  syndromes 
or  in  various  individuals.  A  method  to  measure  direcdy  the  equilibrium  solubility  of  sickle 
hemoglobin  mixtures  with  other  hemoglobins  at  various  oxygen  saturations  was 
developed.  These  measurements  show  that  the  solubility  increases  with  increasing 
amounts  of  fetal  hemoglobin  at  0.32  g/dl  per  percent  fetal  hemoglobin  .  The  solubility 
increases  with  ligand  concentration  as  the  critical  oxygen  saturation  above  which  no 
polymer  is  detected  is  shifted  to  lower  bgand  concentrations  as  the  percent  fetal  hemoglobin 
increases.  These  data  are,  we  believe,  the  most  accurate  available  as  to  the  sparing  effect  of 
Hb  F  on  polymerization. 

Predictions  of  intracellular  sickle  hemoglobin  polymerization  tendency  have  been 
found  to  correlate  strongly  witii  severity  of  hemolysis  in  different  sickle  syndiomes.  Our 
analysis  of  2674  individuals  with  sickle  cell  anemia  from  the  Cooperative  Study  of  Sickle 
Cell  Disease  database  in  conjunction  with  investigators  from  George  Washington 
University  indicate  that  polymerization  tendency  rises  continuously  during  the  first  twelve 
years  of  life,  due  to  continuous  decrease  in  fetal  hemoglobin  and  increase  in  mean 
corpuscular  hemoglobin  concentration  until  adolescence,  and  then  becomes  relatively 
constant.  In  general,  males  had  higher  polymerization  tendencies  than  females,  and 
individuals  with  alpha-thalassemia  had  lower  values  than  those  without  alpha-thalassemia. 
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Polymerization  tendency  had  a  strong  inverse  correlation  with  hematocrit  and  correlated 
positively  with  frequency  of  pain  crisis.  These  analyses  may  allow  prediction  of  disease 
severity  within  cohorts  of  sickle  cell  anemia  patients  and  provide  a  basis  for  evaluating 
therapeutic  strategies  designed  to  decrease  intracellular  sickle  hemoglobin  polymerization. 
A  similar,  but  prospective  "natural  history"  analysis  has  been  initiated  with  several 
hospitals  in  Paris. 

4)  Human  Erythropoietin  Receptor 

Erythropoiecn  (Epo)  functions  as  a  stimulating  factor,  resulting  in  proliferation  of 
erythrocyte  precursors  and  triggering  differentiation  to  a  mature  eiythrocjHe  or  red  blood 
cell.  Therefore,  it  is  likely  that  the  cellular  sensitivity  to  Epo  greatiy  changes  during  the 
course  of  erythroid  cell  differentiation  in  parallel  with  the  erythropoietin  receptor  (Epo-R) 
gene  expression.  We  have  recentiy  cloned  the  genomic  DNA  of  human  Epo-R;  in  its  5' 
flanking  region,  there  are  potential  regulatory  sequences  specific  to  the  erythroid  cell 
lineage.  Therefore  we  speculate  that  5'  flanking  region  of  the  Epo-R  gene  is  important  for 
its  regulation  of  expression  at  the  transcriptional  level.  In  order  to  examine  the  roles  of 
these  motifs  on  transcriptional  regtilation,  we  made  plasmids  containing  deletions  of  the  5' 
flanking  region  with  a  reponer  gene  (luciferase)  and  transfected  these  constructs  into 
cultured  cells,  OCIM-1  (high  expressed  Epo-R)  and  HeLa  (no  expressed  Epo-R). 
Analysis  of  expression  in  OCDVl-l  cells  by  luciferase  assay  indicates  that  -150  bp  from  the 
initiation  start  site  is  very  critical  for  transcription.  This  region  has  an  inverted  GATA  motif 
and  short  stretches  of  sequences  which  share  homology  with  other  transcriptional  factors 
such  as  SPl.  However,  we  did  not  detect  any  conspicuous  events  in  other  regions  such  as 
strong  enhancers  or  silencers  in  the  distal  5'  region  extending  to  about  2  kb  5'  of  the  cap 
site.  On  the  other  hand,  the  result  of  experiments  in  HeLa  cells  demonstrated  that  the 
longest  fragment  (-937  to  -1778)  has  transcriptional  activity.  These  results  demonstrate 
that  non  Epo-R  expressing  cell  lines  contain  positive  trans-acting  factors  that  can  activate 
the  Epo-R  enhancer  and  promoter  in  transient  assays,  yet  probably  the  endogenous  Epo-R 
in  this  cell  is  repressed.  We  suggest  that  repression  of  the  chromosomal  Epo-R  gene  in 
HeLa  cells  is  a  result  of  mechanisms  that  restrict  accessibility  of  enhancer  and  promoter 
elements  to  trans-regulators  possibly  via  changes  in  chromatin  structure.  In  the  erythroid 
system,  Epo-R  is  likely  regulated  at  multiple  levels  including  chromatin  structure, 
transcription  regulation,  and  polypeptide  translocation  to  the  cell  membrane  resulting  in 
modulation  of  Epo-R  expression  during  erythroid  maturation. 

In  gel  mobility  assays,  nuclear  extracts  from  erythroid  and  non-erythroid  cell  lines 
provide  similar  protein-DNA  binding  patterns  to  the  proximal  promoter.  An  additional 
band  was  observed  in  erythroid  cell  lines,  likely  corresponding  to  GATA-1  binding.  In 
DNase  I  footprinting,  we  observed  extensive  protein  binding  to  the  region  about  -19,  the 
location  of  the  SPl  site,  and  the  GATA-1  bindiiig  site  at  -47.  Other  protein  binding  regions 
are  also  detected  within  the  proximal  promoter  including  AP2  and  another  region  with  no 
known  consensus  sequences.  Truncated  deletion  mutations  of  the  regions  extending 
beyond  the  cap  site  were  linked  to  a  luciferase  reponer  gene  and  assayed  in  OCIMl 
erythroid  cells  by  transient  transfection.  Deleting  the  unknown  footprinted  region  at  -151 
in  the  promoter  fragment  resulted  in  an  increase  of  activity  to  about  1.8  of  the  activity 
observed  with  the  longer  construct  extending  to  200  bp  5'  indicating  that  the  unknown 
footprint  region  may  have  a  negative  regulatory  effect  on  the  erythropoietin  receptor 
promoter.  Eyeleting  the  AP2  site  reduced  transcriptional  activity  to  levels  observed  with  the 
reference  fragment  indicating  that  the  AP2  site  may  have  an  enhancing  activity  or  a  positive 
regulatory  effect  on  the  promoter  activity.  Surprisingly,  deletion  of  the  GATA-1  site  at  -47 
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in  a  promoter  fragment  reduced  the  transcriptional  activity  to  only  about  80%  of  the 
reference  sequence.  This  suggests  that  while  the  GATA- 1  site  is  able  to  enhance  activity  of 
the  promoter,  it  is  not  absolutely  required  for  promoter  activity.  This  construct  extending 
to  only  -29  leaves  an  SPl  site  at  -19  intact,  suggesting  that  the  SPl  site  is  sufficient  to 
obtain  at  least  minimal  promoter  activity.  In  contrast,  deletion  of  these  5'  sequences  to  +3 
of  the  cap  site  markedly  reduces  luciferase  activity  to  about  20%  of  the  reference  construct. 
These  results  suggest  that  SPl  is  required  for  promoter  activity  and  that  GATAl  acts  to 
further  activate  transcription. 

We  are  presently  studying  the  tissue  and  developmental  specificity  of  the  gene  in 
transgenic  mice.  For  these  latter  studies  we  have  introduced  the  entire  15  kb  cloned 
fragment  of  the  hEpoR  into  mouse  pronuclei  by  microinjection  and  generated  several 
transgenic  lines.  Hematological  parameters  were  measured  in  transgenic  mice  and  found 
within  normal  limits  except  for  a  suggestion  of  increased  reticulocyte  levels.  Tissue 
expression  was  determined  in  both  normal  and  transgenic  mice  from  several  different  lines. 
We  found  that  mouse  Epo-R  transcripts  were  detected  in  bone  marrow  and  spleen,  but  not 
in  brain,  heart,  kidney  and  liver,  but  that  human  Epo-R  transcripts  were  detected  in  the 
brain  as  well  as  in  bone  marrow  and  spleen,  but  not  in  heart,  kidney  and  liver.  No 
endogenous  mEj)oR  were  detected  in  brain  of  transgenic  mice.  Recently  We  have  found 
that  there  is  some  expression  of  the  endogenous  gene  very  early  in  the  brain  but  with 
development  this  decreases.  We  are  currently  studying  the  biological  significance  of  these 
observations. 

We  previously  reported  the  isolation  and  sequencing  of  the  genomic  and  cDNA  genes 
for  the  human  erythropoietin  receptor  (hEpoR)  and  the  development  of  a  receptor  transcript 
phenotype  (RTP)  assay  based  on  the  polymerase  chain  reaction  (PCR).  In  this  repon  we 
will  discuss  how  these  accomplishments  have  enabled  us  1)  to  explore  the  role  of  the 
human  EpoR  in  viability,  proliferation,  differentiation  and  signal  transduction  in 
erythropoiesis  and  2)  to  begin  to  define  sequences  responsible  for  the  appropriate 
regulation  of  the  human  EpoR.  In  the  first  project,  both  the  normal  and  a  mutationally 
activated  cDNA  gene  for  the  human  EpoR  were  cloned  into  expression  vectors  and 
electroporated  into  an  interleukin-3  (IL-3)  dependent  murine  myeloid  progenitor  cell  line, 
32D,  which  does  not  otherwise  express  the  EpoR.  Our  analysis  of  these  transformants 
indicate  that  both  the  wild  type  and  mutant  human  EpoR  can  functionally  substitute  for  the 
IL-3  receptor  and  suppon  viability,  proliferation  and  tyrosine  phosphorylation  in  32D  cells. 
Transformants  expressing  the  human  EpoR  do  not  exhibit  oven  erythroid  differentiation 
nor  arc  they  inhibited  from  myeloid  differentiation.  In  the  second  project  we  have  begun  to 
test  if  tissue  and  lineage  specific  transcription  is  appropriately  regulated  by  sequences  in  the 
5'  flanking  region  of  the  human  EpoR  gene.  We  have  made  a  mammalian  expression 
vector  which  fuses  the  5'  flanking  region  of  the  human  EpoR  to  the  reponer  gene  beta- 
galactosidase  and  begun  to  study  its  regulation  in  different  lineages  of  tissue  culture  cells. 

We  have  used  a  recently  developed  primary  erythroid  culture  system  to  study  the 
effect  of  hydroxyurea  in  vitro.  Using  HPLC,  we  have  been  able  to  show  an  apparent 
increase  in  fetal  hemoglobin  per  cell  as  well  as  in  per  cent  fetal  hemoglobin.  Total 
hemoglobin  per  cell  also  appears  to  increase  in  thalassemic  cultured  cells.  These  results  are 
similar  to  those  found  in  vivo  where  treatment  of  sickle  cell  patients  with  hydroxyurea 
results  in  increases  in  p)ercent  fetal  hemoglobin,  fetal  hemoglobin  per  cell  and  total 
hemoglobin  per  cell.  We  have  been  able  to  demonstrate  that  the  effect  of  hydroxyurea  on 
erythroid  cells  is  occurring  at  a  relatively  late  stage  in  erythroid  maturation  while  the 
cytotoxicity  of  hydroxyurea  toxicity  is  greatest  at  the  earlier  maturational  stages,  prior  to  the 
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onset  of  obvious  hemoglobin  formation.  Also  we  have  shown  that  hydroxyurea  seems  to 
increase  the  absolute  amount  of  a  modified  hemoglobin.  The  significance  of  this  finding  is 
uncertain  at  this  time.  Increasing  erythropoietin  did  not  result  in  increased  fetal  hemoglobin. 
We  believe  that  this  non-neoplastic  primary  erythroid  culture  system  will  be  a  useful 
experimental  system  in  which  to  examine  in  detail  the  molecular  and  cellular  mechanism(s) 
of  pharmacological  induction  of  Hb  F. 
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A  long  range  goal  of  this  project  is  to  predict  the  three-dimensional  structure  of  proteins  on  the  basis 
of  the  amino  acid  sequence  (a  fundamental  subject  for  structural  biology).  A  ground  work  has  been 
completed  this  year  in  that  all  previous  studies  of  protein  folding  in  this  section  are  unified  in  a  paper 
which  is  in  press.  Briefly,  to  study  the  mechanism  of  protein  folding,  we  have  developed  the  fragment 
complex  system  of  cytochrome  c.  For  example.  Type  I  complex  contains  the  discontinuity  of  the 
polypeptide  chain  between  residues  24  and  25  and  Type  n  between  residues  38  and  39.  Type  IV  lacks 
residues  26  io  38.  Based  on  the  studies  of  kinetics  of  folding  and  unfolding  and  the  thermodynamic  and 
structural  properties  of  the  complexes  in  the  previous  years,  we  have  assigned  four  core  domains.  A 
core  domain  consists  of  a  hydrophobic  core  and  its  surrounding  shell  and  folds  and  unfolds  as  a  unit. 
Core  domain  1  contains  most  of  the  right  channel  structure,  found  by  R.  E.  Dickerson  and  colleagues. 
It  also  includes  a  part  of  the  heme.  Core  domains  2, 3  and  4,  respectively  are  located  on  the  left  (the 
Fe-S  bond)  and  right  sides  and  the  bottom  (opposite  to  the  right  channel)  of  the  heme.  Type  IV  complex 
contains  core  dcxnains  1  and  2.  Core  dcxnain  2  of  most  of  Type  IV  populaticms  is  unfolded  at  25  degree 
C.  Folding  of  this  domain  requires  a  decrease  of  the  tenq>erature  or  positioning  of  residues  28  to  38 
(core  domain  3).  A  combination  of  analysis  of  such  core  domain-domain  interaction  and  kinetic  studies 
in  the  previous  years  has  led  to  a  model  of  two  alternative  folding  orders  of  the  core  domains  of  Type  1 
complex:  domain  lto3to2to4(n-ltD2to3to4.  Analysis  of  the  data  of  standard  Gibbs  energy 
change  for  folding  and  heat  stability  of  die  Fe-S  bcrnd  of  various  complexes  containing  substituted 
amino  acids  suggests  that  this  folding  is  associated  with  an  increase  in  the  extent  of  the  core  group 
interaction.  This  interaction  is  apparendy  of  long  range  and  does  not  seem  to  involve  solvent.  We 
hypothesize  that  folding  of  Type  I  complex  which  resembles  native  cytochrome  c  is  a  process  of 
unification  of  the  ordered  core  of  the  core  domains  and  that  this  unification  is  associated  with  expansion 
of  the  core  group  interaction  to  generate  extra  stabilizing  energy.  This  hypothetical  core  group 
interaction  is  assumed  to  represent  a  new  type  of  non-covalent  interaction.  Being  consistent,  the  studies 
suggest  diat  such  core  group  interaction  involving  die  side  chain  of  leucine  32  strongly  influences  die 
stability  of  the  Fe-S  bond  which  is  located  at  the  core  at  a  distance  of  8  angstrom. 
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We  have  been  studying  the  molecular  genetic  mechanisms  that  control  the  developmental  switch  from 
embryonic  to  fetal  to  adult  hemoglobins  with  respect  to  their  basic  biology  and  their  relevance  to 
developing  new  therapies  for  diseases  of  hemoglobin.  To  study  these  processes  we  have  been  using 
two  model  systems:  the  K562  erythroleukemic  cells  and  transgenic  mice. 

K562  is  an  erythroleukemic  cell  line  used  for  the  last  decade  as  a  model  for  the  study  of  the  control  of 
human  globin  gene  expression.  These  cells  do  not  support  transcription  of  the  beta-globin  gene  but  do 
express  transcripts  of  epsilon-  and  gamma-globin  genes  at  very  high  levels  when  exposed  to  a  number 
of  inducing  agents.  Results  from  this  and  other  laboratcdes  suggest  that  the  control  of  this  pattern  of 
expression  is  mediated  by  the  presence  and/or  absence  of  trans-acting  factors  which  exert  their  action  on 
sequences  corresponding  to  the  prwnoters  of  these  genes.  In  the  last  few  years  transgenic  mice  have 
become  an  excellent  model  system  for  studying  glc^in  gene  expression,  and  are  supplementing  the  use 
of  human  cell  lines. 

We  have  previously  reported  the  presence  of  a  transcriptional  control  element  with  properties  of  a 
silencer  extending  from  -392  to  -177  bp  relative  to  the  cap  site  of  the  human  epsilon-globin  gene. 
Using  deletion  mutants  and  synthetic  oligonucleotides  in  transient  expression  assays,  DNA  sequences 
responsible  fw  this  effect  have  been  further  delimited  to  44  nucleotides  located  between  -294  and  -251 
bp.  Gel  electrophoresis  mobility  shift  assays  and  DNasel  footprinting  assays  demonstrate  that  these 
negative  regulatory  sequences  are  recognized  differently  by  proteins  present  in  nuclear  extracts  obtained 
from  HeLa  and  K562  cells.  The  protein  present  in  K562  cells,  but  not  in  HeLa  cells,  that  interacts 
specificaUy  with  this  silencer  binds  to  the  same  sequence  recognized  by  the  yeast  binding  protein  ABFl. 

We  have  initiated  studies  using  the  transgenic  technique  to  study  the  epsilon-globin  silencer, 
constructs  with  the  silencer  sequence  mutatod  are  being  compared  to  those  with  tfiese  nucleotides  intact 
for  their  effect  on  expression  of  the  epsilon  globin  gene  in  the  embryonic  and  adult  nwuse.  In  addition, 
several  lines  of  animals  expressing  the  human  alpha  globin  and  beta-sickle-Antilles  globin  genes  have 
been  constructed  and  are  being  analyzed  as  possible  models  of  the  human  disease,  sickle  cell  anemia. 
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The  reduced  solubility  of  deoxygenated  sickle  hemoglobin  leads  to  aggregation  or  polymerization  of 
hemoglobin  in  sickle  hemoglobin  containing  erythrocytes  which  can  lead  to  abnormal  rheology. 
Variation  in  the  anxjunt  of  sickle  hemoglobin  produced  in  the  erythrocyte  is  influenced  by  the  production 
of  other  hemoglobins  particularly  in  the  case  of  sickle  trait  and  other  sickle  cell  syndromes.  The  extent 
of  polymerization  of  sickle  hemoglobin  is  determined  by  oxygen  saturation,  hemoglobin  concentration 
and  hemoglobin  composition.  A  detailed  analysis  of  the  solubility  of  mixtures  of  hemoglobin  at  various 
oxygen  saturaticms  provides  the  means  to  predict  the  maximum  extent  of  polymerization  within  the 
sickle  hemoglobin  containing  erythrocyte.  A  method  to  measure  directiy  the  equilibrium  solubility  of 
sickle  hemoglobin  mixtures  with  other  hemoglobins  at  various  oxygen  sanirations  was  developed. 
These  measurements  show  that  the  solubility  increases  with  increasing  amounts  of  fetal  hemoglobin  at 
0.32  g/dl  per  percent  fetal  hemoglobin .  The  solubility  increases  with  ligand  concentration  as  the  critical 
oxygen  saturation  above  which  no  polymer  is  detected  is  shifted  to  lower  ligand  concentrations  as  the 
percent  fetal  hemoglobin  increases.  A  model  has  been  developed  using  hy(frodynamic  lubrication  theory 
to  estinaate  the  contributions  of  polymer  and  membrane  changes  to  the  impaired  rheology  of  sickle 
erythrocytes.  Predictions  of  intracellular  sickle  hemoglobin  polymerization  tendency  have  been  found  to 
correlate  strongly  with  severity  of  hemolysis  in  different  sickle  syndromes.  Analysis  of  2674 
individuals  with  sickle  cell  anemia  firom  the  Cooperative  Study  of  Sickle  Cell  Disease  database  indicate 
that  polymerization  tendency  rises  continuously  during  the  first  twelve  years  of  life,  due  to  continuous 
decrease  in  fetal  hemoglobin  and  increase  in  mean  corpuscular  hemoglobin  concentration  until 
adolescence,  and  then  becomes  relatively  constant  In  general,  males  had  higher  polymerization 
tendencies  than  females,  and  individuals  with  alpha-thalassemia  had  lower  values  than  those  without 
alpha-thalassemia.  Polymerization  tendency  had  a  strong  inverse  correlation  with  hematocrit  and 
correlated  positively  with  frequency  of  pain  crisis.  These  analyses  may  allow  prediction  of  disease 
severity  within  cohorts  of  sickle  cell  anemia  patients  and  provide  a  basis  for  evaluating  therapeutic 
strategies  designed  to  decrease  intracellular  sickle  hemoglobin  polymerization. 
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TThe  X-ray  structures  of  several  Fab  fragment-protein  antigen  complexes,  determined  by  others,  have 
revealed  the  details  of  the  antigen-antibody  interface.  However,  despite  this,  the  antigen 
binding-interaction,  which  is  fundamental  for  immunology,  is  not  well  understood.  For  example,  a 
combination  of  hydrophobic  interaction,  van  der  Waals  interaction,  hydrogen  bonds  and  electrostatic 
interaction  is  considered  sufficient  to  describe  the  interaction.  In  the  studies  of  protein  folding  (Project 
ZOl  DK  2501 1-18  LCB)  we  have  proposed  the  hypothesis  that  a  long-range  core  group  interaction 
exists  to  stabilize  the  structure.  On  the  basis  of  this  idea,  to  obtain  a  clue  as  to  if  such  long-range  core 
group  interaction  is  also  involved  in  the  antigen-antibody  interaction,  we  have  studied  amide 
hydrogen-exchange  of  three  monoclonal  IgG  antibodies  to  yeast  iso-1 -cytochrome  c  and  the  Fab 
fragment  of  one  of  these  antibodies  in  the  presence  and  absence  of  the  immunogen  and  evolutionarily 
related  species.  The  study,  which  has  been  continuously  carried  out  from  the  previous  years,  is  now 
completed  as  a  paper  in  press.  Briefly,  the  number  of  hydrogens  of  the  monoclonal  antibodies  whose 
exchange  was  suppressed  on  binding  to  the  immunogen  was  found  to  exceed  that  estimated  for  the 
residues  shielded  by  the  immunogen.  Analysis  of  the  data  suggests  that  such  suppression  of  hydrogen 
exchange  occurs  mainly  for  the  Fab  domains  but  not  far  the  Fc.  One  of  the  antibodies  showed  two 
distinct  classes  of  amide-hydrogens.  Qass  1  hydrogens  exchange  faster  than  class  2.  The  exchange  of 
class  1  hydrogens  was  suppressed  by  binding  to  the  immunogen  but  not  to  the  evolutionarily  related 
species.  The  exchange  of  class  2  hydrogens  was  suppressed  by  binding  to  the  evolutionarily  related 
species  as  well  as  to  the  immunogen.  Thus,  the  suppression  of  exchange  of  class  1  hydrogens  appears 
to  occur  by  sococ  kind  of  conformational  stabilization,  the  mechanism  of  which  differentiates  between 
the  immunogen  and  the  evolutionarily  related  species.  Evidence  suggests  that  the  trans-interactions  of 
the  Fab  domain  may  modulate  the  hydrogen  exchange.  If  it  is  assumed  that  the  antigen-binding 
strengthens  the  trans-interactions  in  such  a  way  that  the  exchange  of  the  slower  exchanging  hydrogens  is 
suppressed,  this  could  explain  the  suppression  of  exchange  of  class  2  hydrogens.  The  studies  are 
consistent  with  the  idea  that  the  antigen-antibody  interaction  is  not  confined  to  the  antigen-antibody 
interface  and  that  it  may  involve  some  long-range  interaction  with  distant  residues  of  the  Fab.  As  a  step 
to  achieve  mapping  of  such  residues,  the  variable  domain  of  the  heavy  chain  of  one  of  the  monoclonal 
antibodies  has  been  essentially  completely  sequenced  based  on  cDNA. 
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We  are  investigating  the  molecular  mechanisms  which  control  the  individual  and  total  concentrations 
of  hemoglobins  in  human  erythrocytes.  The  study  of  the  control  of  globin  gene  expression  has  direct 
relevance  to  the  development  of  therapies  for  various  hemoglobinopathies.  We  are  particularly 
interested  in  sickle  cell  anemia  and  beta-thalassemia,  where  mutations  or  deletions  of  adult  globin  genes 
can  produce  clinical  syndromes  of  severe  anemia  and  progressive  organ  damage. 

Our  current  experimental  system  uses  a  tissue  culture  model  of  gene  expression,  with  future  plans  to 
study  globin  gene  regulation  in  transgenic  mice.  Present  efforts  are  focused  on  elucidating  the 
mechanisms  controlling  globin  gene  transcription  in  the  K562  erythroleukemia  cell  line.  Previous 
studies  of  K562  cells  grown  in  the  presence  of  hemin  or  5-azacytidine  have  denwnstrated  inducible 
expression  of  globin  genes  with  an  embryonic-fetal  phenotype.  SI  nuclease  mapping  of  globin  gene 
transcripts  has  revealed  constitutive  low  level,  expression  of  the  adult  delta  globin  gene,  which  has 
proven  to  be  inducible  with  hemin.  Adult  beta  globin  gene  transcripts,  however,  are  undetectable  both 
in  uninduced  and  induced  K562  cells.  This  phenotype  contrasts  markedly  with  normal  adult 
erythrocytes  where  beta-globin  is  expressed  at  levels  40  times  higher  than  delta  globin. 

Comparisons  of  beta  and  delta  globin  sequence  information  has  shown  near  identity  of  sequence  in 
the  transcribed  region.  In  the  5'  flanking  region,  however,  tfie  delta  and  beta  globin  genes  share  only 
30%  homology.  We  are  exploring  the  possibility  that  discrepancies  in  the  expression  levels  of  these  two 
adult  genes  may  be  due  to  differential  binding  of  trans-acting  proteins  to  upstream  regulatory  regions. 
This  investigation  has  so  far  entailed  the  cloning  of  the  prranoter  regions  of  the  epsilon,  delta  and  beta 
globin  genes  into  the  eukaryotic  expression  vector  PSVOCAT.  We  have  also  cloned  additicMial  CAT 
vector  ccMistructs  which  incorporate  chimeric  promoters  consisting  of  both  delta  and  beta  globin 
promoter  elements.  These  constructs  will  be  transfected  into  K562  cells  to  study  the  interaction  of  the 
trans-acting  faaors  unique  to  this  cell  line,  with  the  cis-elements  contained  in  the  globin  gene  promoter 
regions.    In  conjunction  with  functional  assays  of  relative  promoter  strength,  we  will  perform  in  vitro 
footprinting  on  tfiese  same  promoter  elements  to  define  binding  sites  of  putative  trans-acting  regulatory 
proteins.  Identification  of  diese  proteins  may  not  only  provide  important  information  on  the  regulation 
of  minor  hemoglobin  synthesis,  but  may  facilitate  identification  of  the  trans-acting  factors  responsible 
for  beta  globin  gene  expression. 
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K562  human  erythroleukemia  cells  constitutively  express  epsilon-  and  gamma-  but  not  beta-globin 
genes.  We  have  previously  shown  that  the  differential  expression  of  globin  genes  observed  in  intact 
K562  cells  could  be  simulated  in  vitro  as  K562  nuclear  extract  (NE)  actively  transcribes  the 
epsilon-globin  (with  2  kb  of  5'  flanking  sequence)  and  gamma-globin  gene  DNA  templates  but  not 
beta-globin  gene  templates.   We  have  now  used  the  K562  in  vitro  transcription  system  to  examine  a 
silencer  transcriptional  control  element  which  has  been  reported  to  be  localized  between  -177  and  -392 
bp  5'  of  the  canonical  cap  site  for  the  epsilon-globin  gene.   We  find  that  K562  NE  has  markedly 
reduced  synthesis  of  RNA  in  vitro  from  epsilon-globin  gene  DNA  deletion  teirq)lates  which  contain  the 
silencer  sequence,  or  pan  thereof,  but  not  the  adjacent  5'  positive  regulatory  region  (-453  to  -535  bp). 
Furthermore,  those  transcripts  generated  in  vitro  from  DNA  templates  extending  to  -453  bp  or  less  of 
the  epsilon-^obin  gene  were  not  correctly  initiated  at  the  canonical  cap  site.  Separating  the  K562  NE  bj 
ion  exchange  chrcKnatography,  we  isolated  a  fraction  (F175)  transcriptionally  active  for  all  tested  globin 
genes  including  the  epsUon-^obin  gene  containing  the  silencer  sequence  and  a  fraction  (F50)  which 
contains  the  trans-acting  factOTS  associated  with  the  silencer  activity.  F50  showed  a  strong  dose 
dependent  inhibitory  effea  on  correctly  initiated  epsilon-globin  gene  transcripticm  directed  by  either 
unfractionated  K562  NE  or  F175.  This  suppression  by  F50  was  not  observed  on  transcriptional  activity 
of  the  permissive  adenovirus  2  majw  late  promoter.  In  electrophoretic  mobility  shift  assays  using  the 
epsilon-globin  gene  silencer  region  as  probe,  F50  and  F175  exhibited  different  DNA  binding  protein 
patterns:  a  specific  protein  band  in  F50  appears  to  be  associated  with  the  silencer  activity.  TTiese  studies 
suggest  that  this  protein  may  be  specifically  responsible  for  the  activity  of  the  silencer  element  of  the 
epsilon-globin  gene.  The  expression  and  silencing  of  the  epsilon-globin  gene  during  development  may 
be  modulated  by  the  interactions  of  this  protein  with  the  cis-acting  DNA  silencer. 
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Erythropoietin  (Epo)  is  a  primary  regulator  of  erythropoiesis  and  functions  by  binding  to  the 
erythropoietin  receptor  (EpoR)  on  the  surface  of  hematopoietic  progenitor  cells,  followed  by 
receptor-mediated  endocytosis  of  the  Epo  molecule.  The  human  EpoR  (hEpoR)  has  been  laiown  to 
consist  of  two  molecular  weight  polypeptides  (85  kd  and  100  kd)  and  to  exhibit  both  low  and  high 
affinity  binding  sites  for  Epo.  We  have  recently  coned  and  sequenced  the  gene  for  the  main  polypeptide 
of  the  hEpoR  (Noguchi,  et  al  BLOOD,  78:2548-2556, 1991).  The  structure  of  the  gene  with  respect  to 
introns  and  exons  and  possibly  transcription  regulatory  sequences  in  the  DNA  surrounding  the  gene  has 
been  elucidated.  We  are  presendy  studying  the  tissue  and  developmental  specificity  of  the  gene  in 
transient  assays  (see  Project  Number  ZOl  25082-012  LCB)  and,  as  described  in  this  report,  in 
transgenic  mice.  For  these  latter  studies  we  have  introduced  the  entire  15  kb  cloned  fragment  of  the 
hEpoR  into  mouse  pronuclei  by  microinjection  and  generated  several  transgenic  lines.  Hematological 
parameters  were  n>easured  in  transgenic  mice  and  found  within  normal  limits  except  for  a  suggestion  of 
increased  reticulocyte  levels.  Tissue  expression  was  determined  in  both  normal  and  tran.'^genic  mice 
from  several  different  lines.  We  found  that  mouse  Epo-R  transcripts  were  detected  in  bone  marrow  and 
spleen,  but  not  in  brain,  heart,  kidney  and  liver,  but  that  human  Epo-R  transcripts  were  detected  in  the 
brain  as  well  as  in  bone  marrow  and  spleen,  but  not  in  heart,  kidney  and  liver.  No  endogenous  mEpoR 
were  detected  in  brain  of  transgenic  mice.  Recently  we  have  found  that  there  is  some  expression  of  the 
endogenous  gene  very  early  in  the  brain  but  with  develcq)ment  this  decreases.  We  are  currently  studying 
the  biological  significance  of  these  observations. 
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SUMMARY  OF  WORK    (Use  standard  unreduced  type.   Do  not  exceed  the  space  provided.) 

Our  group  has  focused  on  pharmacologic  manipulation  of  fetal  hemoglobin  levels  in  patients  with 
genetic  defeas  of  hemoglobin.  We  have  previously  shown  that  hydroxyurea  (HU)  treatment  of  severely 
affected  sickle  cell  patients  results  in  about  a  70  to  75%  response  rate  defined  by  at  least  a  two-fold 
increase  in  F-reticulocytes  and  a  concomitant  two-fold  rise  in  per  cent  in  hemoglobin  F.  The  best 
responding  patients  achieved  levels  of  fetal  henaoglobin  of  10  to  15%.  We  have  subsequently  treated  6 
patients  with  beta  thalassemia  intermedia  with  HU.  Two  patients  showed  an  increase  of  at  least  2-fold 
in  HbF  levels  and  of  5-fold  in  gamma  globin  mRNA.  Curiously,  two  other  patients  showed  an  obvious 
increase  primarily  in  beta-globin  biosynthesis  corresponding  to  an  increase  in  beia-mRNA  transcripts 
without  a  change  in  gamma  globin  synthesis.  Thus,  in  addition  to  its  effects  in  stimulating  gamma 
globin  synthesis,  HU  may  be  useful  in  the  context  of  treatment  of  beta  thalassemia  through  other 
mechanisms.  In  an  effort  to  achieve  higher  levels  of  hemoglobin  F,  in  a  more  pancellular  distribution, 
we  have  recently  treated  four  patients  with  sickle  cell  disease  who  were  receiving  hydroxyurea  for 
periods  of  5-15  mcmths  on  four  ccaisecutive  days  with  escalating  dose  of  recombinant  erythropoietin 
(EPO)  for  7  weeks,  given  on  the  alternate  three  days  along  with  wal  iron  sulfate.  Treatment  with  EPO 
in  combination  with  chronic  hydroxyurea  therapy  had  a  significant  effect  on  the  percentage  of 
hemoglobin  F  containing  reticulocytes  (F-reticulocytes),  and  red  cells  (F-cclls)  and  cm  the  total 
hemoglobin  F  level.  In  these  four  patients  such  combination  ther^y  was  associated  with  a  1.4  to  3  fold 
increase  in  F-reticulocytes,  a  1.3  to  2  fold  increase  in  F-cclls  and  a  1.4  to  2  fold  increase  in  the 
percentage  of  henwglobin  F  when  compared  to  the  maximal  values  previously  achieved  on  hydroxyurea 
alone.  In  addition,  in  contrast  to  the  results  on  hydroxytirea  alone,  treatment  with  combination  HU/EPO 
resulted  in  maximal  stimulatory  effects  within  ten  to  twelve  days  of  therapy.  This  additional 
augmentation  resulted  in  a  further  decrease  in  scrum  bilirubin  and  lactate  dehydrogenase  as  well  as  a 
further  decline  in  intracellular  hemoglobin  S  polymerization  tendency  at  physiologic  oxygen  saturation  in 
cells  containing  fetal  hemoglobin.  We  conclude  that  (1)  while  HU  is  a  potent  inducer  of  gamma-globin 
synthesis,  it  may  have  a  more  generic  effect  on  globin  gene  expression;  (2)  when  given  in  an  alternating 
fashion  with  erythropoietin  in  addition  to  iron  supplementation  it  tends  to  augment  the  fetal  hemoglobin 
responses  seen  with  hydroxyurea  alone. 
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SUMMARY  OF  WORK    (Use  standard  unreduced  type.   Do  not  exceed  the  space  provided.) 

Cytogenetic  analyses  of  221  patients  in  clinical  center  protocols  were  reported.  Clinical  studies  of 
several  endocrine  disorders  required  confirmation  of  cytogenetic  diagnosis  and  detection  of  genetic 
variation  possibly  affecting  therapeutic  response.  Cytogenetic  screening  was  also  done  to  determine 
protocol  eligibility  or  to  reveal  constitutional  aberrations  which  might  reveal  gene  localization  in 
unmapped  single  gene  disorders.  In  some  diseases,  we  searched  for  secondary  aberrations  which  might 
play  a  role  in  development  of  clinical  abnormalities. 

No  cytogenetic  abnormalities  were  seen  in  29  new  patients  with  mental  disorders.  However,  a 
translocation  previously  detected  in  a  schizophrenic  patient  was  found  in  his  relatives;  cell  lines  were 
established  from  the  family,  but  linkage  studies  were  deferred  because  the  rearrangement  and  mental 
problems  were  not  consistendy  associated. 

Fluorescent  in-situ  hybridization  (FISH)  with  chrcMnosome-specific  satellite  DNA  probes  was  used  for 
investigation  of  a  patient  with  premature  ovarian  failure  and  an  X-autosome  rearrangement,  twin  sisters 
with  the  Turner  syndrome  and  a  minute  Y  chromosome,  a  previously  reportui  patient  with  mosaic 
Down  syndrome,  and  a  46,XX  male  with  hermaphroditism.  Cell  lines  from  several  of  these  patients  are 
being  studied  to  detect  and  localize  iiK)lecular  defects  and  correlate  them  with  clinical  manifestations. 

The  unit  is  affiliated  with  the  NIH  medical  genetics  program,  is  accredited  by  the  ABMG  to  provide 
post-doctoral  training  in  clinical  laboratory  cytogenetics,  and  provides  clinical  consultations.  It  also 
participates  in  the  College  of  American  Pathologists  cytogenetics  proficiency  testing  program,  which  is 
required  for  accreditation  of  the  genetics  and  pathology  training  programs. 
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SUMMARY  OF  WORK    (Use  standard  urveduced  type    Do  not  exceed  the  space  provided.) 

The  developmental  switch  in  hemoglobin  synthesis,  from  embryonic  (including  epsilon  globin)  to 
fetal  (gamma)  to  adult  (beta)  hemoglobins,  that  occurs  during  ontogeny  is  of  great  interest  because  of  its 
fundamental  biology  as  well  as  its  relevance  to  the  treatment  of  hemoglobinopathies.  We  have  been 
studying  transcriptional  regulation  of  globin  genes  to  clarify  the  molecular  mechanisms  of  this  switch. 
Within  the  cell,  regulation  of  transcriptional  activity  of  globin  genes  is  determined  by  a  variety  of 
cis-acting  regulatory  DNA  sequences  and  trans-acting  proteins.  One  of  the  cis-acting  elements  is  the 
silencer  located  in  the  region  between  -177  bp  and  -392  bp  5'  to  the  epsilon  globin  gene,  which  was 
characterized  in  this  laboratory. 

To  delineate  the  molecular  mechanism  of  the  epsilon  globin  gene  silencer  activity  and  its  possible  role 
in  the  developmental  regulation  of  epsilon  gene  expression,  further  characterizaticm  of  epsilon  gene 
transcripdcm  initiaticm  sites  in  cell  systems  where  die  epsilon  gene  is  up  and  down  regulated,  such  as 
MB-02  and  the  two-phase  liquid  culture  system  of  Fibach,  was  smdied.  A  variety  of  clues  in  the 
literature  and  in  our  own  data  suggested  that  the  epsilon  silencer  could  affect  transcription  initiation. 
The  K562  erythroleukemia  cell  line  ccmstitutively  expresses  low  levels  of  embryonic  and  fetal,  but  not 
adult  hemoglobin  and  can  serve  as  a  control.  We  have  now  shown  that  in  NB-02  cells  levels  of 
correctly  initiated  epsilon  transcripts  are  significandy  lower  than  in  K562  cells.  Ccnrectly  initiated 
epsilon  transcripts  were  not  detectable  in  nOTmal  cells  prepared  in  the  liquid  culture  system.  We  have, 
however,  observed  a  smaller  band  in  Ti  analysis  using  a  specific  probe  for  exon  I  and  5'  upstream 
region  of  the  epsilon  globin  gene.  Moreover,  using  die  exon  II  of  the  epsilon  gene  as  probe  in  Ti 
analysis  we  have  detected  the  expected  band  and  also  a  few  smaller  bands.  Quantitating  of  epsilon  exon 
1  transcripts  using  cDNA  amplification  showed  a  small  amount  of  correctiy  initiated  epsilon  transcripts 
in  normal  cells.  Further  characterization  of  the  smaller  bands  will  test  the  possible  role  of  the  epsilon 
gene  silencer  in  regulation  of  developmental  expression  of  epsilon  gene.  The  data  so  far  are  compatable 
with  our  original  hypothesis. 
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We  previously  reported  the  isolation  and  sequencing  of  the  genomic  and  cDNA  genes  for  the  human 
erythropoietin  receptor  (hEpoR)  and  the  development  of  a  receptor  transcript  phenotype  (RTP)  assay 
based  on  the  polymerase  chain  reaction  (PCR).   In  this  report  we  will  discuss  how  tfiese 
accomplishments  have  enabled  us  1)  to  explore  the  role  of  the  human  EpoR  in  viability,  proliferation, 
differentiation  and  signal  transduction  in  erythropoiesis  and  2)  to  begin  to  define  sequences  responsible 
for  the  appropriate  regtilation  of  the  human  EpoR.  In  the  first  project,  both  the  nonnal  and  a 
mutationaJly  activated  cDNA  gene  for  the  human  EpoR  were  cloned  into  expression  vectors  and 
electroporated  into  an  interleukin-3  (IL-3)  dependent  murine  myeloid  progenitor  cell  line,  32D,  which 
does  not  otherwise  express  the  EpoR.  Our  analysis  of  these  transformants  indicate  that  both  the  wild 
type  and  mutant  human  EpoR  can  functionally  substitute  far  the  EL-3  receptor  and  support  viability, 
proliferation  and  tyrosine  phosphorylation  in  32D  cells.   Transformants  expressing  tfie  human  EpoR  do 
not  exhibit  overt  aythroid  differentiaticMi  nor  are  they  inhibited  from  myeloid  differentiation.  In  ihe 
second  project  we  have  begun  to  test  if  tissue  and  lineage  specific  transcription  is  appropriately  regulated 
by  sequences  in  the  5'  flanking  region  of  the  human  EpoR  gene.  We  have  made  a  mammalian 
expression  vector  which  fuses  the  5'  flanking  region  of  the  human  EpoR  to  the  reporter  gene 
beta-galactosidase  and  begun  to  study  its  regulation  in  different  lineages  of  tissue  culture  cells. 
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Several  lines  of  clinical  and  experimental  evidence  suggest  that  elevated  levels  of  fetal  henwglobin 
(HbF)  may  improve  the  clinical  course  of  individuals  with  sickle  cell  disease  and  beta-thalassemia.   A 
number  of  cytotoxic  drugs  have  been  shown  to  enhance  gamma-globin  synthesis  (and  HbF  levels)  in 
animals  and  patients  with  hemoglobinopathies,  although  the  mechanism  of  action  of  these  is  not  known. 
The  K562  human  erythroleukemia  cell  bne  shows  constitutively  low  levels  of  embryonic  and  fetal 
hemoglobin,  and  can  be  reversibly  induced  to  increase  gamma-globin  gene  expression  in  response  to 
hydoxyurea  and  other  agents.  We  are  therefore  using  the  K562  cell  as  a  noodel  system  to  understand  the 
mechanism  of  induction  of  globin  gene  transcription.  K  562  cells  have  been  grown  in  the  presence  of 
25mM  hemin  and  lOOmM  hydroxyurea.  We  have  used  gel-retardation  electrophoresis, 
DNA-footprinting  (DNase  I  and  methylation  protection),  in  vivo  genomic  DNA  footprinting,  and  ion 
exchange  and  affmity  chromatography  to  investigate  the  interaction  of  both  specific  and  ncm-specific 
proteins  to  globin  gene  promoter  DNA.  By  gel  shift  analysis,  we  show  different  mobility  shift  patterns 
at  -226  to  -134  of  the  gamma-gene  promoter  in  the  hemin  and  HU  treated  cells.  This  suggests  the 
possibility  of  a  novel  binding  activity  underlying  the  hemin  and  hydroxyurea  effect   We  will  localize 
and  specify  this  binding  site  by  competition  assay  with  specific  probes,  DNasel  footprinting,  and  in 
vivo  genomic  DNA  footprinting  analysis.  The  status  of  in  vivo  protein-DNA  interactions  in  the 
pronwter  region  of  the  G-gamma  gene  was  investigated  by  a  new  ligation-mediated  polymerase  chain 
reaction  (LMPCR),  using  N-ethyl,N-nitrosourea(ENU).  We  find  tfiat  ENU  acts  efficiendy  on 
suspension  cells  and  can  detect  protein-DNA  interactions  not  revealed  by  the  commonly  used  dimethyl 
sulfate(DMS)  method.  In  vivo  foo^rinting  results  suggest  that  both  CCAAT  sites  are  activated  in 
gamma-globin  gene  transcription,  octamer  binding  site  is  specific  for  hemin  induction,  and  -50  and  -200 
regions  have  major  roles  in  gamma-globin  transcriptional.  The  protection  pattern  in  the  -200  region 
strongly  suggests  that  repressor  molecules  bind  in  adult  stage  and  activators  in  mitreated  and  hemin 
treat^  K562  cells.  Incubation  in  hydroxyurea  inhibits  binding  at  this  region.  It  is  hoped  that  the  further 
identification,  characterization  and  purification  of  tiiese  putative  binding  proteins  would  not  only  extend 
the  current  knowledge  of  the  molecular  basis  of  the  fetal  to  adult  "switch",  but  also  suggest  novel 
pharmacological  approach  to  the  reversal  of  this  switch  in  several  clinically  significant 
hemoglobinopathies. 


PHS  6040  (Rev.  S«2) 


131 


L  aCWO— CXT  PWWTtC  OFTg    m^  HUiM 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBUC  HEALTH  SERVICE 
NOTICE   OF  INTRAMURAL  RESEARCH   PROJECT 


PROJECT  NUtAER 

ZOl  DK  25075-03  LCB 


PERIOO  COVERED 
October   1,    1991   to   September   30,    1992. 


TITll  Of  PROJECT     (K  chartcieri  or  iMs    7/0»  must  til  on  on»  Hm  teftwon  ffw  boragrs.) 

Production  and  Characterization  of  HTV  TAT 


PRINCIPAL  MVESTGATOR  (U$l  Other  prot»s»onal  pvnonnal  bttow  n*  PrmopH  InvtiUgator.)  (Nam»,  »H,  laboralory,  and  in$M\M  alfikauon) 

PI:      Ticc-Cheing  Shich  Visiting  Fellow  LCB.NIDDK 

othvra:  Jian-gang  Yuan  Visiting  Fellow  LCB,  NIDDK 

Constance  T.  Noguchi  Research  Physicist  LCB,  NIDDK 

Alan  N.  Schechter  Chief  LCB,  NIDDK 


COOPERATNG  UNfTS  (»  viy) 

Kabigen  AB,  Stockholm,  Sweden  (Dr  M.  Hartmanis),  LCB,  NIDDK,  (Dr.  A.  Gronenbom),  University 
of  Padova,  Italy  (Dr.  C.  DiBello) 


LAS/BRANCH  Laboratory  of  Chemical  Biology 


Section  on  Molecular  Biology  and  Genetics 


wsTfTUTE  AND  LOCATION  NIDDK,  Bcthcsda,  Maryland 


TOTAL  MAN-YEARS: 


PflOFESSONAL: 


OTHER;    Q 


CHECK  APPROPRIATE  BOX<ES) 

n    (a)  Human  subjects             O    (b)  Human  tissues          (^      (c)  Neither 
□  (a1)  Minors 
D  (a2)  Interviews 


SLMMARY  OF  WORK    (Um  sunOard  unradue^d  typo.   Do  nol  axcaad  tha  $paca  provided ) 


This  proj  ect  nas  been  combined  with  Project  ZOl  DK  25066-05  LCB. 


132 


PHS6040(R«¥  1«4)  ux  tot^mam mtnmcmi  m^uun 


DEPARTMEKT  OF  HEALTH  AND  HUMAN  SERVICES  ■  PUBLIC  HEALTH  SERVICE 
NOTICE   OF  INTRAMURAL   RESEARCH   PROJECT 


PROJECT  NUkBER 

ZOl  DK  25076-03  LCB 


PERKX)  COVERED 

October  1,  1991  to  September  31, 1992 


TITLE  OF  PROJECT      (BO  characters  or  less.    Title  rDust  fit  on  one  tne  between  the  borders.) 

Characterization  of  the  Epsilon-Globin  Silencer 


PRINCIPAL  INVESTIGATOR  (List  other  prolessionaJ  personnel  below  the  Principal  Investigator.)  (Name,  title,  laboratory,  and  institute  affiliation) 

PI:      Betty  Peters  Robert  Wood  Johnson  Fellow  LCB,  NflDDK 


other*:  Constancc  Tom  Noguchi        Research  Hiysicist 


LCB,  NIDDK 


COOPERATING  UNITS  (if  any) 


LAB'S  RANCH 


Laboratory  of  Chemical  Biology 


Section  on  Molecular  Biology  and  Genetics 


iNSTrnjTE  AND  LOCATION   NIDDK,  Bethesda,  Maryland 


TOTAL  STAFF  YEARS      1 . 2 


PROFESSIONAL:   1.2 


CHECK  APPROPRIATE  BOX(ES) 

n    (a)  Human  subjects 

□  (al)  Minors 

□  (a2)  Interviews 


D    (b)  Human  tissues  E       (c)  Neither 
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Hemoglobin  switching  is  an  example  of  tissue  specific  and  temporal  regulation  of  gene  expression. 
In  humans,  embryonic  globin  chains  (zeta  and  epsilon)  are  expressed  during  the  first  trimester  of 
gestation  followed  by  a  switch  to  the  expression  of  fetal  globin  chains  early  in  the  second  trimester  and 
adult  globin  chains  sdfter  birth.  Previous  worked  perfonned  in  the  Laboratory  of  Chemical  Biology  has 
identified  a  silencer  200  to  400  bp  upstream  of  the  epsilon-globin  gene  which  has  been  implicated  in 
suppressing  epsilon  globin  gene  expression  during  the  fetal  and  aduh  stages.  Our  work  has  focused  on 
characterizing  proteins  binding  to  the  silencer  and  the  function  of  the  binding  of  trans-acting  factors  to 
the  silencer.  We  are  in  the  process  of  elucidating  the  mechanism(s)  that  trans-acting  factors  interacting 
with  the  silencer  utilize  in  order  to  regulate  epsUon-globin  transcription.  We  are  also  studying  the 
interactions  of  the  silencer  with  other  regulatory  elements  controlling  epsilon-globin  gene  expression. 
Using  DNase  I  footprinting,  we  have  identified  several  sites  of  protein  binding  to  the  silencer.  The 
major  protected  region  shares  a  high  percentage  of  honiology  with  the  binding  sites  of  an  crythroid 
specific  transcription  factor  GATA-1  and  a  yeast  silencer  binding  protein,  ABF-1.  Using  gel  mobility 
shift  assays  with  K562  nuclear  extract,  yeast  ABF-1  protein  and  a  probe  bracketing  the  major  protected 
region  and  competitor  DNA  with  mutations  in  the  sites  homologous  to  GATA-1  and  ABF-1  binding 
sites  we  have  deoKinstrated  that  a  protein,  likely  GATA-1,  binds  to  the  GATA  site  in  the  silencer  and 
that  another  protein,  likely  a  human  homologue  of  the  yeast  ABF-1  protein,  binds  to  the  silencer.  We 
are  currentiy  in  the  process  of  examining  the  function  of  mutations  inade  in  the  yeast  ABF- 1  and  GATA 
binding  sites.  We  are  also  in  the  process  of  cloning  the  human  homolog  of  the  yeast  ABF-1  gene. 
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SUMMARY  OF  WORK    (Use  standard  unreduced  type.   Do  not  exceed  the  space  provided.) 

The  beta-thalassemias  and  sickle  cell  disease  represent  the  most  common  congenital  red  cell  disorders 
resulting  from  genetic  defects  in  beta-globin  gene  expression.  Recently,  hydroxyurea  (HU)  has  been 
shown  to  increase  fetal  hemoglobin  (HbF)  proiduction  in  sickle  cell  patients  and  is  also  under  evaluation 
as  a  treatment  for  beta-thalassemia.  However,  the  effects  of  HU  treatment  on  globin  gene  expression, 
particularly  at  the  mRNA  level,  is  not  well  understood  In  order  to  improve  our  understanding  of  the 
mechanisms  of  action  of  HU,  two  HbSS  patient  and  two  beta-thalassemia  patient  (with  IVS-2  nt  654 
cytosine  to  thymine,  CD  41-42  mutations)  who  received  HU  treatment  were  studied  for  changes  in 
alpha,  beta,  and  gamma  mRNA  levels  by  our  newly  developed  competitive  polymerase  chain  reaction 
(PCR)  method.  PCR  quantitation  was  achieved  by  reverse  transcriptase  (RT)  production  of  cDNA  ftt)m 
mRNA  in  nucleated  peripheral  blood  cells  and  subsequent  con^titive  analysis  of  absolute  mRNA 
levels.  The  results  showed  that  the  gamma-globin  mRNA  amount  was  increased  by  about  50-fold  and 
the  absolute  magnitude  of  the  change  in  gamma  -mRNA  levels  were  similar  in  the  SS  and 
beta-thalassemia  patients.  Increases,  but  to  a  smaller  extent,  were  also  observed  in  alpha  and  beta  globin 
mRNA  levels.  These  results  suggest  that  the  nwlecular  mechanism  of  HU  (and  periiaps  other  related 
compounds)  is  a  general  one  on  expression  of  all  globin  genes,  but  greatest  for  gamma.  Current  studies 
in  progress  are  aimed  at:  (1)  investigation  of  the  correlations  between  the  globin  mRNA  levels  and  the 
reticulocyte  numbers  in  nucleated  cells  when  using  the  competitive  RT-POl  method  for  globin  mRNA 
assay;  (2)  investigation  of  globin  gene  expression  (mRNA  levels)  by  RT-PCR  method  in  crythroid 
cultures  treated  with  hydroxyurea;  (3)  investigation  of  globin  gene  expression  (mRNA  levels)  in  HU 
treated  erythroid  cultures  from  the  patients  with  different  types  of  beta-thalassemia  mutations;  (4)  globin 
chain  assay  in  HU  treated  patients  as  well  as  erythroid  cultures  by  micro-globin  biosynthesis  assay. 
Thus,  the  overall  objective  is  to  contribute  to  the  knowledge  of  the  effects  of  HU  on  genetic  regulation 
of  globin  pnxiuction,  and  to  provide  us  with  understanding  of  the  gamma  to  beta  or  beta  to  gamma 
switches  in  the  synthesis  of  hemoglobin  and  how  these  switches  may  be  modulated  by  drugs  such  as 
HU  and  erythropoietin. 
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SUMMARY  OF  WORK    (Use  standard  unreduced  type.   Do  not  exceed  the  space  provided.) 

During  normal  development,  a  switch  from  the  production  of  fetal  hemoglobin  (containing  gamma 
chains)  to  the  production  of  adult  hemoglobin(containing  beta  chains)  occurs.  The  gamma  to  beta  switch 
in  the  synthesis  of  hemoglobins  is  not  well  understood.  Hydroxyurea  is  used  in  the  treatment  of  sickle 
cell  anemia  to  increase  the  relative  amount  of  fetal  to  sickle  hemoglobin.  Studies  of  hemoglobin 
switching  and  of  drugs  which  affect  it,  such  as  hydroxyurea,  have  been  difficult  due  to  the  absence  of  a 
culture  system  in  which  erythroid  progenitors  could  be  isolated  in  sufficient  numbers  to  perform 
nwlecular  studies. 

We  have  used  a  recentiy  developed  primary  erythroid  culture  system  (Fibach,  1989)  to  study  the 
effect  of  hydroxyurea  in  vitro.  Using  HPLC,  we  have  been  able  to  show  an  apparent  increase  in  fetal 
hemoglobin  per  cell  as  well  as  in  i>er  cent  fetal  hemoglobin.  Total  hemoglobin  per  cell  also  spears  to 
increase  ir.  thalassemic  cultured  cells.  These  results  are  similar  to  those  found  in  vivo  where  treatment  of 
sickle  cell  patients  with  hydroxyurea  results  in  increases  in  percent  fetal  hensoglobin,  fetal  hemoglobin 
per  cell  and  total  hemoglobin  per  cell. 

We  have  been  able  to  demonstrate  that  the  effect  of  hydroxyurea  on  erythroid  cells  is  occurring  at  a 
relatively  late  stage  in  erythroid  maturation  while  the  cytotoxicity  of  hydroxyurea  td)dcity  is  greatest  at 
the  earlier  maturaticMial  stages,  prior  to  the  onset  of  obvious  hemoglobin  formation.  Also  we  have 
shown  that  hydroxyurea  seems  to  increase  the  absolute  amount  of  a  modified  hemoglobin.  The 
significance  of  this  finding  is  uncertain  at  this  time.  Increasing  erythn^ietin  did  not  result  in  increased 
fetal  hemoglobin. 

We  believe  that  this  non-neoplastic  primary  erythroid  culture  system  will  be  a  useful  experimental 
system  in  which  to  examine  in  detail  the  molecular  and  cellular  mechanism(s)  of  pharmacological 
induction  of  Hb  F. 
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Microvascular  occlusion  by  poorly  deformable  erythrocytes  is  believed  to  be  the  key 
pathophysiologic  event  in  sickle  cell  disease.  A  quantitative  understanding  of  the  molecular  and  cellular 
processes  involved  in  the  loss  of  deformability  of  sickle  erythrocytes  as  compared  to  normal 
erythrocytes  is  crucial  for  clarification  of  the  pathophysiology  and  treatment  of  this  disease. 
Polymerization  of  hemoglobin  S  (Hb  S)  within  sickle  erythrocytes  is  presumably  one  of  the  most 
important  factors  in  the  loss  of  deforaiability.  The  main  determinant  of  Hb  S  polymer  fraction  in  any 
population  of  sickle  cells  is  oxygen  saturation,  and  polymer  fraction  can  be  calculated  as  a  function  of 
oxygen  saturation.  However,  tfie  exact  relationship  between  the  deformability  of  intact  erythrocyte  and 
the  formation  of  intracellular  Hb  S  polymer  is  not  yet  well  understood.  On  the  other  hand,  both  the 
abnormal  membrane  and  the  very  high  intracellular  Hb  concentrations  in  the  populations  of  dense  sickle 
cells  also  contribute  to  the  rigidity  of  these  cells.  The  relative  contributions  of  these  factors  to  cell 
rheology,  as  compared  to  polymerization,  is  also  unknown.  We,  therefore,  investigated  the  effects  of 
these  three  factors:  intracellular  Hb  S  polymerization,  the  abnormal  membrane,  and  the  increased  total 
intracellular  Hb  concentration  in  some  cells  on  measured  erythrocyte  filterability  (deformability) 
quantitatively,  using  ^  nickel  mesh  filtraticMi  system.  In  this  study,  we  found  by  increasing  the 
proportion  of  dense  cells  in  populations  of  ncHinal  or  sickle  cells  and  equilibrating  these  cells  with  air  or 
carbon  monoxide  (CO),  that  intracellular  polymerization  ccxitributes  about  4  times  as  much  as 
intracellular  viscosity  and  twice  as  much  as  abncxmal  memlranes  to  impaired  filterability,  and  that  an 
increase  in  dense  ceUs,  which  contained  Hb  S  polymer  due  to  the  high  cell  hemoglobin  concentration 
(CHC),  impaired  filtration  significantiy  under  air-equilibrated  conditions.  Moreover,  we  estimated  that 
the  filterability  of  erythrocytes  containing  Hb  S  was  extremely  sensitive  to  small  amounts  of  intracellular 
polymer  and  that  impaired  filtration  was  almost  linearly  related  to  intracellular  polymer  fraction.  Thus, 
the  polymerization  of  Hb  S  would  be  expected  to  be  a  much  more  important  factor  in  loss  of  filtration  in 
microcirculation  where  oxygen  tension  is  low.  These  results  emphasize  the  importance  of  Hb  S 
polymerization  in  the  pathogenesis  of  sickle  cell  disease,  and  will  help  define  the  pathophysiology  of 
sickle  cell  disease  in  quantitative  terms. 
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Erythropoietin  (Epo)  functions  as  a  stimulating  factor,  resulting  in  proliferation  of  erythrocyte 
precursors  and  triggering  differentiation  to  a  mature  erythrocyte  or  red  blood  cell.  Therefore,  it  is  likely 
that  the  cellular  sensitivity  to  Epo  greatly  changes  during  the  course  of  erythroid  cell  differentiation  in 
parallel  with  the  erythropoietin  receptor  (Epo-R)  gene  expression.  We  have  recently  cloned  the  genomic 
DNA  of  human  Epo-R;  in  its  5'  flanking  region,  diere  are  potential  regulatory  sequences  specific  to  the 
erythroid  cell  lineage.  Therefore  we  speculate  that  5'  flanking  region  of  the  Epo-R  gene  is  important  for 
its  regiilation  of  expression  at  the  transcriptional  level.  In  order  to  examine  the  roles  of  these  motifs  on 
transcriptional  regulation,  we  made  plasmids  containing  deletions  of  the  5'  flanking  region  with  a 
reporter  gene  Guoferase)  and  transfected  these  constructs  into  cultured  cells,  CKHM-l  (high  expressed 
Epo-R)  and  HeLa  (no  expressed  Epo-R). 

Analysis  of  expression  in  CXUM-I  cells  by  luciferase  assay  indicates  that  -150  bp  from  the  initiation 
Stan  site  is  very  critical  for  transcription.  This  region  has  an  inverted  GATA  motif  and  short  stretches  of 
sequences  which  share  homology  with  other  transcriptional  factors  such  as  SPl.  However,  we  did  not 
detect  any  conspicuous  events  in  other  regions  such  as  strong  enhancers  or  silencers  in  the  distal  5' 
region  extending  to  about  2  kb  5'  of  the  c^  site.  On  the  other  hand,  the  result  of  experiments  in  HeLa 
cells  demonstrated  that  the  longest  fragment  (-937  to  -1778)  has  transcriptional  activity.  These  results 
demonstrate  that  non  Epo-R  expressing  cell  lines  contain  positive  trans-acting  factOTS  that  can  activate 
the  Epo-R  enhancer  and  promoter  in  transient  assays,  yet  probably  the  endogenous  Epo-R  in  this  cell  is 
repressed.  We  suggest  that  repression  of  the  chromosomal  Epo-R  gene  in  HeLa  cells  is  a  result  of 
mechanisms  that  restrict  accessibility  of  enhancer  and  promoter  elements  to  trans-regulators  possibly  via 
changes  in  chromatin  structure.  In  the  erythroid  system,  Epo-R  is  likely  regulated  at  multiple  levels 
including  chromatin  structure,  transcription  regulation,  and  polypeptide  translocation  to  the  cell 
membrane  resulting  in  modulation  of  Epo-R  expression  during  erythroid  maturation. 
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Recent  clinical  trials  have  substantiated  hydroxyurea  (HU)  to  be  a  potent  effector  of  hemoglobin  F 
(HbF)  production  in  patients  with  sickle  cell  disease.  This  augmentation  in  HbF  levels  in  patients  is 
associated  with  a  decrease  in  relative  beta  chain  synthesis  and  thus  an  inhibitory  effect  on  hemoglobin  S 
(HbS)  polymerization  both  through  the  decrease  in  MCH  (S)C  and  the  specific  sparing  effect  of  HbF. 
In  order  to  gain  insight  into  the  possible  genetic  mechanisms  underlying  these  effects,  we  used  cation 
exchange  (CE)  and  reverse-phase  high  performance  liquid  chromatography  (HPLC)  to  examine  changes 
in  the  levels  of  each  hemoglobin  species.  Samples  from  ten  patients  treated  with  HU  were  analyzed 
approximately  twice  each  week.  Within  the  first  50  days  of  HU  treatment,  HbF  increased  on  average 
from  3.3%  to  7%.  The  patients  had  an  average  initial  ratio  of  G-gamma/A-gamma  of  0.72  which  did 
not  change  with  treamaent  At  baseline,  approximately  15-20%  of  the  fetal  hemoglobin  exists  in  the 
acetylated  fwm  (Fi)  as  determined  by  CE-HPLC,  independent  of  subtype.  With  HU  treatment,  the  total 
amount  of  Fo  and  Fi  increases  roughly  proportional  to  the  increase  in  F-reticulocyte  numbers.  Although 
the  total  HbA2  level  appears  unaffected  by  treatment,  there  is  an  increase  in  the  proportion  of  one 
nxdified  HbS  species,  which  may  co-migrate  with  Hb  A2,  after  about  50  days  of  treatment  Fot  three 
patients  treated  with  a  combination  HU  and  erythrqxjietin,  we  found  a  further  increase  in  both  Fi  and 
this  modified  HbS  fraction  to  levels  approaching  5%  and  10%  respectively. 

Subsequent  analysis  of  this  modified  beta-globin  polypeptide  showed  that  the  NH2  was  not  blocked 
(Edman  sequencing)  and  that  the  modifier  had  a  mass  of  300  close  to  the  one  of  glutathicme  (307)  (mass 
spectroscopic  analysis).  A  dual  strategy  using  deblocking  and  synthetic  methods  has  been  used 
followed  by  lEF  analysis  and  confirmed  the  glutathione  nature  of  the  adducL  Chemically  modified  HbS 
may  interfere  with  HbS  polymerization  and  thus  have  an  added  clinical  benefit.  Acetylation  of  other 
proteins  (e.g.  histones)  may  be  involved  in  the  regulation  of  gene  expression;  naturally  occuring 
gluathione  adducts  have  only  been  reported  very  recendy.  It  is  possible  that  their  formation  is  related  to 
metabolic  effects  of  HU  treatment  or,  as  with  acetylation,  this  modification  may  be  indicative  of  induced 
fetal  erythropoiesis. 
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The  protein,  erythropoietin,  is  a  primary  regulator  of  erythropoiesis.  The  binding  of  erythropoietin 
to  the  surface  of  hematopoietic  progenitor  cells  is  followed  by  receptor  mediated  endocytosis  of 
erythropoietin.  We  have  recently  cloned  the  human  erythropoietin  gene  which  extends  2  Kb  5'  of  the 
canonical  start  site.  The  5'  flanking  region  does  not  contain  TATA  or  CCAAT  sequences  usually 
associated  with  proximal  promoters  of  cellular  genes.  The  minimal  promoter  contains  an  SPl  binding 
consensus  sequence  located  at  minus  19  in  addition  to  the  binding  consensus  sequence  for  the  erythroid 
specific  transcription  factor,  GATA-1,  located  at  -47. 

In  gel  mobility  assays,  nuclear  extracts  from  erythroid  and  non-erythroid  cell  lines  provide  similar 
protein-DNA  binding  patterns  to  the  proximal  promoter.  An  additional  band  was  observed  in  erythroid 
cell  lines,  likely  corresponding  to  GATA-1  binding.  In  DNasc  I  footprinting,  we  observed  extensive 
protein  binding  to  the  region  about  -19,  the  location  of  the  SPl  site,  and  the  GATA-1  binding  site  at  -47. 
Other  protein  binding  regions  are  also  detected  within  the  proximal  promoter  including  AP2  and  another 
region  with  no  known  consensus  sequences. 

Truncated  deletion  mutations  of  the  regions  extending  beyond  the  cap  site  were  linked  to  a  luciferase 
reponer  gene  and  assayed  in  OCIMl  erythroid  cells  by  transient  transfection.  Deleting  the  unknown 
footprinted  region  at  - 15 1  in  the  promoter  fragment  resulted  in  an  increase  of  activity  to  about  1 .8  of  the 
activity  observed  with  the  longer  construct  extending  to  200  bp  5'  indicating  that  the  unknown  footprint 
region  may  have  a  negative  regulatory  effect  on  the  oythn^xMctin  receptee  promoter.  Deleting  the  AP2 
site  reduced  transcriptional  activity  to  levels  observed  with  the  reference  fragment  indicating  that  the  AP2 
site  may  have  an  enhancing  activity  or  a  positive  regulatory  effect  cm  the  promoter  activity. 
Surprisingly,  deletion  of  the  GATA-1  site  at  -47  in  a  promoter  fragment  reduced  the  transcriptional 
activity  to  only  about  80%  of  the  reference  sequence.  This  suggests  that  while  the  GATA-1  site  is  able 
to  enhance  activity  of  the  promoter,  it  is  not  absolutely  required  for  promoter  activity.  This  construct 
extending  to  only  -29  leaves  an  SPl  site  at  -19  intact,  suggesting  that  the  SPl  site  is  sufficient  to  obtain 
at  least  minimal  promoter  activity.  In  contrast,  deletion  of  these  5'  sequences  to  +3  of  the  cap  site 
markedly  reduces  luciferase  activity  to  about  20%  of  the  reference  construa.  These  results  suggest  that 
SPl  is  required  for  promoter  activity  and  that  GATAl  acts  to  further  activate  transcription. 
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The  research  in  the  Laboratory  of  Chemical  Physics  is  primarily  concerned  with 
problems  in  structural  biology  and  biophysics.  There  are  direct  applications  of  much  of  this 
work  to  the  pathophysiology  and  treatment  of  human  diseases  such  as  AIDS,  malaria,  and 
sickle  cell  anemia.  A  variety  of  structural  and  spectroscopic  techniques  are  employed  in 
these  investigations,  including  nuclear  magnetic  resonance  (NMR),  Raman  and  infrared 
sj)ectroscopies,  time-resolved  optical  spectroscopy  with  nanosecond  and  picoseco-'d  lasers, 
and  non-linear  optical  spectroscopy.  There  is  also  a  major  effort  in  theoretical  studies  to 
complement  the  experimental  work,  including  both  analytical  methods  and  the  use  of  high 
sj)eed  computers  in  large  scale  calculations.  The  systems  under  study  include  small 
prototypical  molecules,  nucleic  acids,  proteins,  intact  and  model  membranes  and  retinal 
photoreceptors.  Curren'  research  focusses  on  :  the  development  and  application  of  new 
NMR  methods  to  the  determination  of  the  three-dimensional  structure  of  polypeptides  and 
proteins  in  solution,  conformational  and  dynamical  properties  of  membrane  systems, 
dynamics  of  ligand  binding  and  conformational  changes  in  proteins,  theoretical  analysis  of 
kinetics  and  chemical  dynamics,  computer  simulations  of  protein  motions,  the  analysis  of 
excited  electronic  states  of  polyenes,  the  molecular  mechanism  of  excitation  in 
photoreceptor  cells  and  ionic  processes  in  cell  membranes,  the  gelation  of  hemoglobin  Sand 
its  relation  to  the  pathophysiology  and  therapy  of  sickle  cell  disease,  and  the  synthesis  of 
potential   therapeutic    agents  for  malaria. 

Bax  and  colleagues  continue  to  make  major  advances  in  the  development  of  new 
methods  for  the  deterinination  of  the  three-dimensional  structure  of  proteins  in  solution. 
In  a  recent  analysis  of  citations  of  papers  published  in  chemical  journals  during  the  period 
1984-1990,  Bax's  papers  were  cited  more  than  any  other  scientist  in  the  world  (an  average 
of  48  citations  per  paper  for  64  papers).  During  the  past  year  Bax  and  colleagues  have 
developed  new  methods  for  the  measurement  of  a  variety  of  J  couplings  in  proteins  which 
give  information  on  the  backbone  conformation.  They  have  also  developed  a  method  for 
studying  the  structure  of  a  ligand  bound  to  a  protein,  based  on  the  suppression  of  all  signals 
of  protons  that  are  attached  to  "C  and  "N  nuclei  of  the  uniformly  labelled  protein.  This 
method  was  used  to  show  that  a  26  residue  peptide,  Ml 3,  that  is  a  random  coil  when  free 
in  solution,  forms  an  a-helical  structure  in  a  complex  with  calmodulin.  Bax  and  colleagues 
have  also  studied  the  dynamics  of  calmodulin.  These  measurements  show  that  motional 
anisotropy  of  the  individual  globular  domains  is  three-fold  smaller  than  the  values  predicted 
from  hydrodynamic  calculations  for  a  molecule  with  a  rigid  central  helix.  The  internal 
dynamics  of  the  central  helix  show  that  the  residues  in  the  middle  of  this  helix  act  as  a 
flexible  linker. 

Clore,  Gronenbom    and  colleagues   have  developed    and  exploited   multi-dimensional 
NMR   techniques    to  investigate    the  three-dimensional     structures    of  a  large  number   of 
proteins  in  solution.    In  this  work  they  have  demonstrated    that  it  is  possible  to  determine 
the  structure  of  proteins  in  solution  by  NMK  with  an  accuracy  comparable   to  that  of  high 
resolution    X-ray   crystallography.      With    Davies    and    Shaanan    (LMB)    they    have   also 
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developed  the  first  method  for  making  detailed  comparisons  of  protein  structures  in  crystal 
and  solution  by  carrying  out  a  joint  refmement  of  the  X-ray  and  NMR  structures  to  look  for 
genuine  differences.  Structures  studied  during  the  past  year  include  interleukin-4,  the 
calmodulin-target  peptide  complex  (with  Bax),  ribonuclease  H  domain  of  HIV-1  reverse 
transcriptase,  human  thioredoxin,  the  human  enhancer  binding  protein  MBP-1,  the 
immunoglobulin  binding  domain  of  Streptococcal  protein  G,  and  the  E3  binding  domain  of 
2-oxoglutarate  dehydrogenase.  Using  a  series  of  3D  double  and  triple  resonance 
heteronuclear  NMR  experiments  interleukin  4  has  been  shown  to  consist  of  a  left-handed 
four  helix  bundle  with  an  unusual  topology  comprising  two  overhand  connections  which  is 
remarkably  similar  to  that  of  growth  hormone  and  granulocyte-macrophage  colony 
stimulating  factor,  despite  the  absence  of  any  sequence  homology.  In  the  complex  of 
calmodulin  with  a  target  peptide  made  up  of  the  binding  domain  of  myosin  light  chain 
kinase  the  calmodulin  domains  act  to  clamp  the  peptide  in  a  hydrophobic  channel;  this  may 
be  a  common  binding  motif  for  calmodulin  with  other  peptides.  Investigation  of  the 
backbone  dynamics  of  the  ribonuclease  H  domain  show  that  it  has  extensive  mobility 
throughout  its  structure,  particularly  at  the  C-terminus,  which  has  been  proposed  as  the 
substrate  binding  site  and  may  explain  the  lack  enzymatic  activity  of  the  isolated  domain. 
Knowledge  of  the  structure  of  thioredoxin  has  permitted  a  detailed  study  of  its  acid-base 
titration  behavior  and  has  provided  structural  explanations  for  the  anomalous  pK's.  Studies 
of  the  immunoglobulin  binding  domain  of  the  Streptococcal  G  protein  show  solvent  induced 
distortion  a-helices,  suggesting  that  the  water  molecules  are  an  integral  part  of  the  protein 
structure. 

Becker    and   colleagues    have   been    developing    new   NMR    methods    for  studying 
partially-oriented    small  molecules  in  liquid  crystals.  They  are  also  exploring  the  mechanism 
and  potential   applications  of  the  effect  of  isotopic  substitution   on  NMR  chemical  shifts  of 
nuclei  up  to  10  bonds  away  from  the  site  of  substitution. 

Szabo  and  coworkers  have  carried  out  several  theoretical  investigations  on  the  nature 
and  functional  significance  of  a  variety  of  dynamical  processes.  Computer  simulations  of 
reversible,  diffusion  influenced  reactions  for  simple  model  reactions  have  confirmed  the 
analytic  theory  of  Szabo.  In  particular,  the  prediction  that  at  long  times  concentrations  relax 
to  equilibrium  not  exponentially,  as  expected  from  simple  chemical  kinetics,  but  rather  as 
a  power  law  has  been  verified.  With  Clore,  Gronenborn,  and  Brooks  (DCRT),  Szabo  has 
compared  the  results  of  a  molecular  dynamics  simulation  of  interleukin  16  in  water  with 
those  obtained  from  NMR  relaxation  measurements.  The  simulations  and  experiments 
suggest  a  picture  in  which  the  N-H  bonds  in  loop  regions  of  the  protein  undergo  large 
amplitude  jumps  between  conformations  stabilized  by  hydrogen  bonds  due  to  infrequent 
dihedral  transitions.  With  Pastor  (FDA)  Szabo  has  developed  an  analytic  expression  for  the 
rate  of  flipping  of  a  Langevin  linear  rotor  in  an  effective  bistable  potential,  which  is  the 
simplest  example  of  a  barrier  crossing  problem  that  is  not  one-dimensional.  The  excellent 
agreement  of  the  theory  with  the  results  of  simulations  suggests  that  the  it  should  be  useful 
for  extracting  the  viscosity  from  dielectric  measurements    on  liquid  crystals. 

During  the  past  year  the  focus  of  Zwanzig's  research    has  been   on  the  theory  of 
protein    folding  and  on  the  role  of  entropy   barriers   in  determining    reaction    rates.     One 
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investigation  (with  Szabo)  was  a  critical  analysis  of  "Levinthars  paradox."  The  paradox  is 
that  a  random  search  through  possible  conformations  of  an  unfolded  protein  will  take 
cosmologica!  times  to  arrive  ai  the  native  structure.  It  was  shown  that  this  time  can  be 
reduced  to  a  biologically  significant  size  merely  by  including  a  small  bias,  of  the  order  of  a 
few  kT  in  favor  of  locally  native  conformations.  In  another  investigation  it  was  found  that 
diffusion  through  geometric  bottlenecks  could  be  described  with  moderate  success  as 
diffusion  past  an  entropy  barrier  instead  of  the  more  commonly  used  potential  energy 
barriers.  In  a  third  investigation  the  rate  of  passage  through  a  temporally  fluctuating 
bottleneck  was  carried  out  as  a  possible  scenario  for  the  motion  of  ligands  through  the 
interior  of  proteins.  The  theory  predicts  a  fractional  dependence  of  the  rate  on  viscosity, 
as  is  observed  experimentally  for  the  motion  of  oxygen  through  myoglobin. 

Chen  has  continued  to  carry  out  theoretical  studies  on  bioenergetics  and  kinetics. 
In  one,  an  approximate  analytical  formula  has  been  developed  (with  Szabo)  to  describe  the 
dequenching  of  fluorescent  probes  used  to  mea<^ure  the  kinetics  of  cell  fusion.  A  second 
study  has  been  concerned  with  the  theoretical  modelling  of  the  binding  of  caldesmon  and 
myosin  subfragment-1  to  actin,  which  shows  that  S-1  may  still  bind  to  the  actin  sites  that  are 
already  covered  by  a  caldesmon   molecule,  although  the  binding  strength  is  reduced. 

McDiarmid  is  carrying  out  optical  spectroscopic  studies  on  the  electronic  structure 
and  conformation  of  the  excited  states  of  small  polyatomic  molecules  that  are  models  for 
more  complex  biological  molecules.  Cyclopentadiene  is  being  studied  as  a  prototype  for 
obtaining  fundamental  spectroscopic  properties  of  conjugated  molecules.  Contrary  to  most 
transitions  in  most  molecules,  the  vibronically-induced  two-photon  resonant  transitions  to 
one  of  the  3p  Rydberg  states  from  the  ground  state  are  more  intense  than  the  analogous 
allowed  transitions.  Assignment  of  these  transitions  has  permitted  the  empirical  estimate 
of  the  magnitude  of  the  interstate   coupling  in  the  cis  and  trans  geometric  conformers. 

Levin,  Lewis  and  coworkers  are  using  Raman  and  infrared  spectroscopy  to  investigate 
the  structural  and  dynamical  properties  of  both  model  and  intact  biological  membranes. 
They  are  developing  a  novel  vibrational  spectroscopic  imaging  system  which  combines  the 
spatial  resolving  power  of  optical  microscopy  and  the  selectivity  of  infrared  and  Raman 
spectroscopy.  By  simultaneously  measuring  the  optical  absorption  and  resonance  Raman 
spectra  of  potentiometrically  controlled  solutions  of  cytochrome  oxidase  these  investigators 
have  uncovered  an ti cooperative  effects  between  the  heme  and  copper  sites.  Vibrational 
spectroscopic  studies  have  been  undertaken  on  model  systems  to  clarify  the  factors 
governing  the  balance  of  forces  leading  to  an  interdigitated  chain  membrane  bilayer 
morphology.  Studies  have  also  continued  on  the  design  of  synthetic  peptide  based 
surfactants  to  be  used  in  the  treatment  of  respiratory  distress  syndrome  in  newborn  infants. 
From  Raman  spectroscopic  temperature  profiles  the  degree  and  mechanism  by  which 
peptides  alter  membrane  disorder  and  dynamics  can  be  determined.  These  techniques  are 
also  being  used  to  investigate  the  interaction  of  bile  salts  with  model  membranes.  The  bile 
salt  ursodeoxycholate  is  found  to  induce  domains  of  interdigitated  chain  lipids  within  the 
membrane. 

Eaton,    Hofrichler    and    Henry    are    using   time    resolved    optical    spectroscopy    in 
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photodissociation  experiments  to  investigate  structure  function  relations  in  myoglobin  and 
hemoglobin.  These  studies  have  led  to  the  discovery  of  the  protein  relaxation  subsequent 
to  photodissociation  of  the  myoglobin  carbon  monoxide  complex  that  may  be  responsible 
for  a  time-dependent  geminate  rebinding  rate;  measurements  of  the  viscosity  dependence 
of  the  rate  suggest  that  at  low  temperatures  conformational  substates  may  not  be  as  much 
"frozen"  as  "stuck".  Polarized  photolysis  experiments  on  myoglobin  show  that  the  optical 
anisotropy  prior  to  rotational  diffusion  is  lower  than  that  predicted  for  a  rigidly  attached, 
perfect  circular  absorber.  Henry  has  carried  out  molecular  dynamics  simulations  which 
suggest  that  a  large  pan  of  the  decreased  anisotropy  arises  from  the  reorientational  motion 
of  the  heme  in  response  to  global  motions  of  the  surrounding  protein.  Eaton  and  Henry 
(with  Mozzarelli,  Parma)  have  continued  their  investigation  of  the  oxygen  binding  by  single 
crystals  of  hemoglobin,  and  have  taken  advantage  of  the  different  orientations  of  the 
individual  hemes  in  the  crystal  to  extract  separate  binding  curves  for  the  alpha  and  beta 
subunits  from  the  polarized  absorption  measurements.  This  analysis  shows  that  there  is  very 
little  cooperativity  in  the  crystal,  much  less  inequivalence  in  t.he  oxygen  binding  by  the  alpha 
and  beta  subunits  than  predicted  by  the  analysis  of  the  X-ray  data,  and  no  Bohr  effect  which 
is  consistent  with  the  central  role  of  the  salt  bridges.  Studies  by  Christoph,  Hofrichter,  and 
Eaton  on  the  domain  structure  and  kinetics  of  hemoglobin  S  gel  formation  suggest  that 
homogeneous  nucleation  is  indeed  responsible  for  triggering  the  formation  of  a  polymer 
domain,  but  that  each  domain  contains  multiple  homogeneously   nucleated   polymers. 

Hagins  and  Yoshikami  are  investigating  the  mechanism  of  visual  transduction-.  They  are 
also  addressing  the  general  problem  of  introducing  known  quantities  of  membrane- 
impermeable  polar  substances  inio  isolated  cells,  tissues,  and  even  whole  animals.  A  series 
of  membrane  impermeable  fluorescent  dyes  have  been  modified  by  substituting  most  of  their 
functional  groups  with  a  variety  of  silyl  esters  or  ethers.  The  silyl  derivatives  penetrate  the 
lipid  membrane  rapidly  and  are  then  slowly  hydrolyzed  by  the  cell  water,  trapping  them 
inside  the  cell.  The  method  successfully  loads  dyes  into  retinal  tissue.  Several  new 
techniques  are  being  developed,  including  the  use  of  a  perfusion  chamber  to  hold  isolated 
cells,  photometry  for  measuring  changes  in  intracellular  proton  and  calcium  ion 
concentrations,   and  improved  pyroelectric  microcalorimetry. 

Ziffer  is  synthesizing  novel  compounds  that  are  potential  agents  for  the  treatment  of 
malaria.  The  fungus  Beauveria  sulfurescens  has  been  used  to  introduce  hydroxyl  groups  on 
unactivated  methyl,  methylene  and  methine  groups  of  artemisinin  derivatives.  In  a  second 
approach  the  hydroxy  group  has  been  replaced  with  an  allyl  group.  The  most  active 
compound  against  P.  falciparum  in  vitro.  103-propyl-deoxoartimisinin,  is  currently  being 
evaluated  for  anti-malarial  activity  in  infected  mice.  In  the  course  of  these  studies  a  new 
acid  catalyzed  rearrangement  of  the  peroxide  group  in  dexoartimisinin  derivatives  was 
discovered. 
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coupled  to  a  refractive  microscope  optimized  to  the  near-infrared  or  visible 
spectral  regions  with  either  a  liquid  nitrogen  cooled,  state-of-the-art,  indium 
antinomide  focal  plane  array  detector  or  a  silicon  charge-coupled  device  detector. 
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instrumentation . 

B.  The  oxidation-reduction  properties  of  cytochrome  oxidase  and  related  systems 
have  been  examined  by  the  simultaneous  measurement  of  the  resonance  Raman  and 
optical  absorption  spectra  of  potentiometricallv  controlled  solutions.  Redox  data 
obtained  from  cytochrome  oxidase  in  its  native  form  argue  against  the  traditional 
neoclassical  models  for  the  enzyme  in  which  the  heme  a,  and  aj  centers  behave 
identically  and  titrate  at  the  same  voltages.  Specifically,  heme  ^  displays 
effective  midpoint  potentials  near  350  and  220  mV,  while  heme  ^  exhibits  lower 
E„'s  near  230  and  200  mV.  For  the  cyanide  bound  complex  of  cytochrome  oxidase,  the 
heme  a.  redox  behavior  is  described  by  midpoint  potentials  at  350  and  260  mV.  These 
data  are  consistent  with  the  notion  of  anticooperative  effects  occurring  with  the 
heme  and  copper  centers  of  the  enzyme. 
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Some  270  million  people  worldwide  are  infected  with  malaria  which  causes 
between  1  and  2  million  deaths  per  year.  The  formidable  problems  encountered  in 
developing  a  malaria  vaccine,  and  the  ability  of  Plasmodium  falciparum  to  become 
resistant  to  new  drugs,  has  stimulated  the  World  Health  Organization  and  others  to 
search  for  new  drugs  to  treat  this  disease.  Artemisinin  has  served  as  a  lead 
compound  to  develop  new  drugs  to  treat  the  resistant  strains  of  P.  falciparum  that 
have  spread  over  southeast  Asia  and  threaten  India  and  Africa.  Since  no  strains  P. 
falciparum  resistant  to  artemisinin  derivatives  have  appeared,  many  derivatives 
(esters  and  ethers  of  dihydtoartemisinin)  have  been  prepared  in  China  and  the 
United  States.  Metabolic  studies  of  arteether,  a  dihydroartemisinin  derivative 
scheduled  for  clinical  tests,  found  that  it  is  rapidly  dealkylated  to 
dihydroartemisinin.  It  is  very  likely  that  esters  of  dihydroartemisinin  are 
rapidly  hydrolyzed  to  the  same  compound.  In  order  to  prepare  compounds  that  can 
not  be  degraded  to  dihydroartemisinin,  we  introduced  additional  functional  groups 
into  artemisinin  by  a  microbially  mediated  oxidation  using  Beauveria  sulf urescens . 
Derivatives  of  these  hydroxylated  materials  have  been  prepared  and  tested.  IN 
second  approach  we  replaced  by  hydroxy  group  of  dihydroartemisinin  with  an  allyl 
group.  The  double  bond  of  the  allyl  substitute  enabled  us  to  introduce  polar 
groups  into  the  molecule  so  as  to  adjust  its  lipo-  or  hydro-philicity .  The 
polarity  is  irtportant  in  deciding  the  mode  of  administration.  Most  of  the 
compounds  were  found  to  be  as  or  more  effective  than  artemisinin  and  arteether 
against  P.  falciparum  in  vitro.  The  best  compound,  the  n-propyl  derivative,  is 
undergoing  in  vivo  testing  in  mice  infected  with  P.  berghei. 
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The  observation  and  analysis  of  the  true  and  vibronic  false  origins  of  the  3p 
Rydberg  <-  X  transitions  of  cyclopentadiene  revealed  by  polarization-selected  two- 
photon  resonant  multiphoton  ionization  spectroscopy  has  enabled  absolute 
assignments  to  be  made  for  these  transitions. 

Based  on  these  assignments,  the  energies  of  the  transitions,  and  previously 
reported  or  literature  values  for  the  energies  of  the  3p  Rydberg  <-  X  and  valence 
transitions  of  butadiene  and  benzene,  an  empirical  determination  of  the  extent  of 
interstate  coupling  was  made  for  s-cis  and  s-trans  dienes.  The  results  are 
essentially  none  for  the  s-cis  conformer  and  about  25  percent  for  the  s-trans 
conforroer.  These  results  support  theoretically  calculated  values  of  these 
interactions . 

A  new  research  project  on  the  dynamics  of  the  photochemistry  of  dienes  has  been 
initiated. 
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Time  resolved  spectroscopy  in  photodissociation  experiments,  polarized  single 
crystal  absorption  spectroscopy,  and  the  molecular  dynamics  simulations  are  being 
used  to  investigate  structure  function  relations  in  myoglobin  and  hemoglobin.   The 
techniques  of  high-precision  nanosecond  spectroscopy  in  partial  photolysis 
experiments  has  been  developed  and  has  led  to  several  important  new  findings, 
including  (i)  demonstration  that  the  transition  state  for  the  quaternary  structural 
change  of  hemoglobin  is  much  more  like  the  R  conformation  than  the  T  conformation, 
a  result  which  explains  the  linear  free  energy  relation  between  the  quaternary 
rates  and  equilibrium  constants,  (ii)  discovery  that  the  protein  relaxation 
subsequent  to  photodissociation  of  the  myoglobin  carbon  monoxide  complex  exhibits  a 
viscosity  dependence  consistent  with  Kramer's  theory  with  a  modified  friction  term 
to  account  for  the  internal  friction  of  the  protein  (iii)  demonstration  in 
hemoglobin  that  there  is  no  communication  between  subunits  prior  to  the  quaternary 
conformational  change  at  about  10  microseconds,  (iv)  and  confirmation  of 
theoretical  predictions  for  the  dependence  of  the  optical  anisotropy  on  the  degree 
of  photolysis  with  linearly-polarized  light  pulses. 

Polarized  single  crystal  absorption  measurements  show  that  crystals  of 
haemoglobin  in  the  T  quaternary  structure  bind  oxygen  noncooperatively  with  no  Bohr 
effect.   These  results  provide  strong  evidence  for  the  two-state  allosteric  model 
and  for  Perutz  stereochemical  mechanism  of  the  Bohr  effect. 

Studies  of  the  domain  structure  and  kinetics  of  hemoglobin  S  gel  formation 
support  the  hypothesis  that  homogeneous  nucleation  of  a  single  polymer  molecule  can 
trigger  the  formation  of  an  entire  domain  of  polymers,  and  that  variations  in  the 
rate  of  homogeneous  nucleation  can  account  for  the  wide  variety  of  shap>es  for 
sickled  cells. 
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Z01-DK-29011-21-LCP 


PEROO  COVERED 

October  1,  1991  through  September  30,  1992 


TfTLE  OF  PROJECT  (80  (Jmmcma  or  Utt.   Tm»  mml  llononaim*  blwmn  H0  bofdtrs.) 
The  physics   and  chemistry  of  photoreception 


PfllNCPAL  NVESTIGATOR  (IMl  oOm  piolmslonm  pmtonni  btow  fm  Prtndptl  Invetlgalor.)  (Nam;  Mi.  Ittormlory,  md  Uttltut*  atmaHon) 
P.    I.  William  A.    Hagins  Medical  Officer  LCP-NIDDK 


Others ; 


S .  Yoshikami 
P.  Ross 
K.  Spring 
Mark  Vivino 
L.  Pannell 


Research  Biologists  LCP-NIDDK 

Research  Chemist  LMP-NIDDK 

Research  Med.  Officer  LKM-NHI 

Coir^juter  Systems  Analyst  CSL-DCRT 

Research  Chemist  LAC-NIDDK 


COOPERATNG  UTOTS  (Hany) 

Sudhir  Sahu  and  Sheila  Shah,  Student  Volunteers,  Thomas  Jefferson  High  School, 

Alexandria,  VA 


LAB^RANCH 

Laboratory  of  Chemical  Physics 


SECTION 

Section  on  Membrane  Biophysics 


INSTITUTE  AND  LOCATION 

NIH,  NIDDK,  Bethesda,  MD   20892 


TOTAL  STAFF  YEARS: 
2.0 


PROFESSIONAL: 
2.0 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects     D  (b)  Human  tissues       El  (c)  Neither 
D  (a1)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Use  stmOard  unrtOucaO  typa.  Do  nol  axcaad  Da  spmca  pmviaaa.) 

Calcium  metabolism  in  retinal  rod  outer  segments  during  phototransduction  is 
being  studied  with  the  aid  of  f luorochromic  dyes  introduced  into  retinas  by  new 
methods  and  studied  by  quantitative  microscopic  image  systems. 

Calorimetric,  X-ray  microanalytic  and  photometric  methods  are  being  used  to 
study  ionic  and  biochemical  events  during  phototransduction. 

New  techniques  for  breaching  the  blood-brain  barrier  to  introduce  polar 
molecules  into  brain  and  retinal  tissue  are  under  study. 
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PER  OO  COVERED 
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Macromolecular  dynamics  and  assembly  reactions 
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Eric  Henry 
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e»  Prindpl  tivwstlgaty.)  (Nrnn;  Mto,  Mxraaory,  ma  mtOiM  aimaOon) 
Research  Chemist  LCP-NIDDK 
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Medical  Officer 
Research  Chemist 
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CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues       B  (c)  Neither 


SUMMARY  OF  WORK  (Usa  ttanOard  unraducad  typa  Do  not  axcaad  tia  spaca  providaa.) 

Time-resolved  absorption  spectroscopy  is  used  to  study  the  dynamics  of  protein 
structural  changes  subsequent  to  excitation  with  short  laser  pulses.   Molecular 
models  for  the  protein  dynamics  are  used  to  fit  and  interpret  the  measured  data. 

A.  The  kinetics  of  ligand  binding  and  conformational  changes  for  sperm  whale 
myoglobin  and  human  hemoglobin  (HbA)  have  been  studied  following  the  set  of  data 
from  partial  photolysis  experiments  using  polarized  excitation  has  permitted 
cooperative  and  noncooperative  processes  to  be  clearly  distinguished.   We  are  now 
proceeding  to  test  specific  molecular  models  for  the  rebinding  dynamics. 

B.  The  photocycles  of  bacteriorhodopsin  (bR) ,  a  photoactive  proton  pump  have 
been  investigated.   A  detailed  analysis  of  data  collected  by  Xie  et  al.  has  shown 
that  back  reactions  are  significant  for  all  steps  of  <-he  cycle  except  the  last. 
The  teirq^erature-  and  pH-dependence  of  these  rates  is  obtained  from  fits  of  the 
model  to  the  data . 

C.  The  effect  of  polymerization  kinetics  on  the  morphology  of  gels  of 
hemoglobin  S.  has  been  investigated  by  polarizing  microscopy  and  computer 
simulations . 
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Spectroscopic  investigation  of  membrane  lipids  and  models 

PRINCPAL  NVESTIGATOR  (Lkt  oOm  prolassionti  ptnomal  babm  ffw  Ptmdpal  twrnigalof.)  (Nam*.  lUa.  Ittiontory.  and  mstttuu  affiliation; 

P.I.:  Ralph  G.   Adams  Research  Physicist  LCP-NIDDK 

Others:  Ira  W.    Levin  Research  Physicist  LCP-NIDDK 


COOPERATMG  UNITS  (f  my) 
Sherwin   Strauss    (FDA) 


LAB/BRANCH 

Laboratory  of  Chemical  Physics 

SECTION 

Section  on  Molecular  Biophysics 

INSTITUTE  AND  LOCATION 

NIH,  NIDDK,  Bethesda,  MD   20892 


TOTAL  STAFF  YEARS: 
2.5 


PROFESSIONAL: 

2.5 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects     D  (b)  Human  tissues      El  (c)  Neither 
D  (a1)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Us*  slandm}  jnraductd  ryp».  Do  not  ncaad  tit  spact  proviOta.) 

Using  a  variety  of  spectroscopic  techniques,  we  have  investigated  the  role  of 
phospholipid,  principally  dipalmitoylphosphatidylcholine  (DPPC) ,  in  respiration. 
Because  of  the  high  content  of  protein  there  is  a  significant  fluorescence 
associated  with  pulmonary  surfactants.   Since  dispersive  Raman  3p>€Ctroscopic 
techniques  using  visible  laser  excitation  cannot  be  applied  to  highly  fluorescing 
san^les,  we  have  used  the  new  Fourier  transform  (FT)  Raman  approach  coupled  with 
near-infrared  laser  excitation.   This  spectroscopic  technique  allows  one  not  only 
to  obtain  a  Raman  spectrum,  but  to  determine  spectral  pea)c  frequencies  with  high 
precision. 

Progress  has  been  made  in  clarifying  the  role  of  the  various  protein  proteins 
of  native  lung  surfactant,  but  no  clear,  unequivocal  picture  has  yet  been 
forthcoming,  here  or  elsewhere.   We  are  still  pursuing  that  goal. 

We  have,  however,  established  FT  Raman  spectroscopy  as  a  practical  tool  for 
sorting  out  suitable  lung  surfactant  substitutes. 
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Laboratory  of  Chemical  Physics 
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20892 


TOTAL  STAFF  YEARS: 
2.0 


PROFESSIONAL: 
2.0 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues       B  (c)  Neither 


SUMMARY  OF  WORK  (Usa  standard  unraducad  rypa.  Do  not  atcaad  tia  spaca  providad) 

Several  theories  for  the  kinetics  of  reversible  diffusion  influenced 
bimolecular  reactions,  developed  in  this  laboratory,  have  been  evaluated  by 
comparison  with  exact  results  obtained  via  con^uter  simulations  of  simple  model 
reactions.   No  adjustable  parameters  were  used  and  the  good  agreement  between 
theory  and  simulations  was  found.   In  particular,  the  prediction  that  at  long  times 
concentrations  relax  to  equilibrium  not  exponentially,  as  expected  from  simple 
chemical  kinetics,  but  rather  as  a  power  law,  has  been  verified.   An  analysis  of  a 
siitple  model  of  protein  folding  showed  that  Levinthal's  astronomical  folding  time 
(10 (to  the  power  of  30) years)  is  reduced  to  a  biologically  relevant  size  (seconds) 
if  correct  local  conformations  are  assumed  to  be  more  stable  than  incorrect  ones  by 
as  little  as  Ikcal/mol.   Con^uter  simulations  of  ul52  amino  acid  protein  in  water 
suggested  a  molecular  picture  of  the  slow  COOps-lns)  motions  of  N-H  bonds  that  has 
been  inferred  from  NMR  relaxation  experiments:   the  N-H  groups  of  residues  in  loop 
regions  of  the  protein  undergo  large  amplitude  jumps  between  conformations 
stabilized  by  hydrogen  bonds  due  to  infrequent  dihedral  transitions.   The  langevin 
dynamics  of  a  linear  molecular  in  a  liquid  crystal  was  simulated  in  order  to  test 
an  analytical  expression  for  the  flipping  rate.   The  nature  of  dielectric  and 
orientational  relaxation  in  a  brownian  dipolar  lattice  was  analyzed  using  computer 
simulations  and  it  was  found  that  these  relaxations  become  significantly 
nonexponential  with  increasing  polarity. 
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Lewis  Kay,  Sp>ecial  Volunteer;  Frank  Delaglio,  Sp>ecial  Expert;  Jacob  Anglister, 
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SUMMARY  OF  WORK  (Usa  Standard  unraducad  typa  Do  not  axcaad  f\a  spaca  prnvided.) 

NMR  methods  have  been  developed  that  facilitate  the  resonance  assignment  for 
proteins  that  can  be  isotopically  enriched  with  carbon-13  and  nitrogen-15  for  the 
study  of  unlabeled  Uganda  corrplexed  with  the  uniformly  labeled  protein. 

Application  of  these  new  methods  to  the  protein  calmodulin,  in  the  absence  and 
presence  of  an  unlabeled  peptide  fragment  of  skeletal  muscle  myosin  light  chain 
kinase,  reveal  pronounced  structural  differences  in  calmodulin.  In  the  presence  of 
calcium  and  in  the  absence  of  peptide,  calmodulin  consists  of  two  globular  domains, 
connected  by  a  flexible  linker.  Nitrogen-15  relaxation  studies  indicate  that  the 
two  globular  domains  reorient  nearly  isotopically,  in  contrast  to  what  would  be 
expected  for  the  structure  observed  in  the  crystalline  state  where  the  two  domains 
are  connected  by  a  long  alpha-helix  (the  so-called  "central  helix") .  In  the 
presence  of  p>eptide,  the  relative  orientation  of  the  two  calmodulin  domains  is  well 
determined.  The  peptide-protein  complex  adopts  an  approximately  ellipsoidal  shapte, 
with  the  p>eptide  in  an  alpha-helical  conformation  clamped  in  between  the  two 
domains .  The  structure  calculated  to  date  are  based  on  only  a  fraction  of  the 
spectral  information  available  from  the  3D  and  4D  NMR  spectra.  Work  is  currently 
in  progress  to  refine  the  structure  by  adding  more  NOE  and  J-coupling  constraints. 
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PRINCPAL  MVESTIGATOR  (LMt  otfMr  pmlmsional  ptnonni  Mbw  M*  Prindpal  ttvetgalor.)  (Hint.  MO.  ftxniory.  tnd  tntmiM  atfffUon) 

P.I.:          Eric  Henry  Research  Physicist  LCP-NIDDK 
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D  (a1)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (IJs»  Standard  unraducad  typa  Do  not  axcaed  fi*  spaca  pnvidad.) 

We  have  detentiined  oxygen  binding  curves  from  polarized  optical  absorption  spectra 
of  single  crystals  of  human  hemoglobin  measured  as  a  function  of  oxygen  pressure. 
An  analysis  of  the  oxygen  binding  properties  of  the  alpha  and  beta  subunits  in  the 
crystal  indicates  that  the  observed  Hill  n  close  to  1.0  may  arise  from  a 
compensation  effect  between  inequivalent  oxygen  binding  to  the  two  types  of 
subunits  and  a  degree  of  cooperativity  in  the  binding  to  the  protein  in  the  T 
quaternary  structure.   We  have  also  studied  the  effects  of  photoselection  on  time- 
resolved  spectra  measured  in  partial-photolysis  experiments  using  linearly 
polarized  excitation  and  probe  pulses.   The  ability  to  obtain  isotropically 
averages  spectra  which  are  free  of  these  effects  has  allowed  the  determination  of 
the  conformational  and  ligand  binding  kinetics  of  myoglobin  and  hemoglobin  with 
unprecedented  accuracy.   We  have  also  p)erfonned  long  molecular  dynamics  simulations 
to  study  heme  reorientational  motions  in  myoglobin.   In  these  simulations  the  heme 
orientation  and  the  protein  backbone  conformation  explore  different  regions  of 
their  respective  spaces  in  a  correlated  fashion.   The  simulations  predict 
subnanosecond  heme  reorientational  motions  which  account  for  about  30  percent  of 
the  reduction  of  the  initial  absorption  anisotropy  observed  in  partial  photolysis 
experiments  on  myoglobin. 
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Structural   Studies   of   AIDS   proteins   by  NMR 
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P . I . ' S      Angela  Gronenborn 
G.  Marius  Clore 
Ad  Bax 

Others  Daniel  Garrett 
Jim  Omichinski 
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Visiting  Scientist 
Visiting  Scientist 
Visiting  Scientist 
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Staff  Fellow 
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LCP-NIDDK 
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COOPERATNG  UNTTS  (Ifany) 

Boaz  Shaanan,  David  Davies  -  LMB-NIDDK;  Stephen  Stahl,  Paul  Hingfield  -  Protein 
Expression  Laboratory;  Ettore  Appella,  K.  Sakaguchi  -  DCBD-NCI;  Bernard  Brooks, 

Indira  Chanarasekhar  -  DCRT;  Attila  Szabo  -  LCP-NIDDK;  Carl  March  -  IMMUNEX 
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Laboratory  of  Chemical  Physics 
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20892 


TOTAL  STAFF  YEARS: 

3.0 


PROFESSIONAL; 
3.0 


CHECK  APPROPRIATE  BOX(ES) 

n  (a)  Human  subjects 
D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues      B  (c)  Neither 


SUMMARY  OF  WORK  ^Um  ttardard  unraducad  typa.  Do  not  axo—d  t>a  tpaca  pmvidad.) 

Work  has  been  carried  out  on  number  of  structural  problems  related  to  proteins 
derived  from  the  HIV  virus.  These  include  the  RNase  H  domain  of  HIV-1  reverse 
transcriptase,  the  p7  nucleocapsid  protein  of  HIV-1,  and  proteins  of  the  immune 
system,  in  particular  interleukin  -Ibeta,  interleukin-4  and  the  double  zinc  finger 
of  the  human  enhancer  binding  protein  MBP-1.  The  solution  dynamics  of  the  RNase  H 
domain  has  been  analyzed  using  (superscript)  IH  - (superscript) 15N  heteronuclear  NMR 
spectroscopy.  The  solution  structure  of  interleukin-4  and  the  double  zinc  finger 
domain  of  the  human  enhancer  binding  protein  NMP-1  (which  binds  specifically  to  the 
regulatory  region  in  the  long  terminal  repeat  of  the  HIV  genome)  have  been 
determined.  The  RNA  binding  properties  of  the  p7  nucleocapsid  protein  have  been 
investigated  as  a  prelude  to  structural  studies  of  SF>ecific  p7-RNA  complex.  The 
structure  of  interleukin-lbeta  has  been  further  investigated  using  a  new  method 
involving  the  simultaneous  and  comoined  use  of  NMR  and  crystallographic  data  in  the 
refinement  process. 
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Determination  of  Three-Dimenaional  Structurea  of  Macromolecules  in  Solution  by  NMR 


P.I. 


Other; 


PfllNCPAL  MVESTIGATOR  (LMt  otm  pnlmssiontl  prntomtl  bakm  »m  Pilndfml  tmeUgator.)  (Nrnnt,  n»,  Htxntory.  and  mtWsM  tmaOon) 

Visiting  Scientist  LCP-NIDDK 

Visiting  Scientist  LCP-NIDDK 

IRTA  Fellow  LCP-NIDDK 

IRTA  Fellow  LCP-NIDDK 
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Staff  Fellow  LCP-NIDDK 


G.  Marius  Clore 
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Daniel  Garrett 
Bruce  Grasberger 
Patricia  Lodi 
Jim  Omichinski 


COOPERATNG  UNTTS  (»  my) 

A.  Bax  and  A.  Szabo  -LCP-NIDDK;  B.  Shaanan,  D.  Davies,  G.  Felsenfeld  -  LMP-NIDDK; 
S.  Stahl,  P.  Wingfield  -  Protein  Expression  Laboratory;  E.  ^pella,  C.  Klee  -  NCI; 

B.  Brooks.  I.  Chandraskehar  -  PORT;  M.  Whitlow  -  Enzon.  Inc.;  C.  March  -  Immunex 


LAB/BRANCH 

Laboratory  of  Chemical  Physics 


SECTION 

Sections  on  Protein  NMR  and  Structural  Biology 


INSTITUTE  AND  LOCATION 

NIH,  NIDDK,  Bethesda,  MD   20892 


TOTAL  STAFF  YEARS: 
2.0 


PROFESSIONAL: 
2.0 


CHECK  APPROPRIATE  BOX(ES) 

n  (a)  Human  subjects 
D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues      B  (c)  Neittier 


SUMMARY  OF  WORK  (Usa  sunotrj  unraducwtf  typt.  Do  not  «rc««d  n«  spact  proMttd.) 

Work  in  this  laboratory  has  been  focussed  on  the  detentiination  of  three  dimensional 
structures  of  larger  proteins  in  solution  by  NMR,  with  a  particular  emphasis  on 
cytokines  and  immune  related  proteins.  A  considerable  effort  has  been  placed  on 
the  development  of  three-  and  four-dimensional  heteronuclear  NMR  to  extend  the 
application  of  NMR  as  a  method  for  determining  three-dimensional  structures  of 
proteins  in  solution  beyond  the  limits  of  conventional  two-dimensional  NMR 

(approximately  100  residues)  to  molecules  in  the  150-  to  400-  residue  range.  In 
addition,  a  novel  approach  to  structure  determination  has  been  developed  which 
involves  combining  data  from  both  NMR  and  X-ray  crystallography  simultaneously  in 
the  refinement  process. 

High  resolution  solution  structures  of  a  number  of  proteins  have  been  determined. 
These  include  the  cytcxine  interleukin-4,  the  complex  of  calmodulin  with  a  target 
peptide  from  skeletal  muscle  myosin  light  chain  kinase,  the  E3  binding  domain  of 
the  dihydrolipoamide  succinyl  transferase  core  from  the  2-oxoglutarate 
dehydrogenase    multienzyme    of    E.    coli,    and    the    double    CYS 

(subscript) 2His (subscript) 2  zinc  finger  from  the  human  enhancer  binding  protein 
MBP-I.  Extensive  use  in  these  studies  has  been  made  of  multi-dimensional 
heteronuclear  NMR  and  of  systematic  conformational  searches  to  obtain 
stereospecif ic  assignments  and  torsion  angle  restraints  which  have  enabled  us  to 
obtain  very  high  resolution  structures  comparable  in  accuracy  to  2  A  resolution  X- 
ray  structures.  The  typical  accuracy  attainable  is  0.2-2.4  A  for  the  bac)tbone 
atoms  and  0.4-0.5  P    for  the  internal  side  chains. 
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OEPARTUEKT  OF  HEALIM  AND  HUMAN  SERVKEI  -  PUBUC  HEALTH  SERVKC 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PflOJECT  NUMBER 
Z01-DK-29025-03-LCP 


PEROO  COVERED 

October  1,  1992  through  September  30,  1992 


TITLE  OF  PROJECT  (80  ctmraOmt  or  tes.    Tat  must  llanomUn*  bfrttn  tf  totdtrs.) 

Investigations  of  Macromolecular  Structures  and  Dynamics  in  Solution  by  NMR 


PRINCPAL  MVESTIGATOR  (Usi  othtr  prolicslonti  ptnannti  bakM  nt  Prtndptl  mvatOgalor.)  (Nam*.  Ml*,  Ittxmory,  and  InsOttM  imaltan) 

P.I.'S     Angela  M.  Gronenborn      Visiting  Scientist       LCP-NIDDK 
G.  Marius  Clore  Visiting  Scientist       LCP-NIDDK 

Others:    Julie  Forman-Kay,  Daniel  Garrett,  Bruce  Grassberger,  Robert  Powers: 
IRTA  Fellows,  LCP-NIDDK;  Patricia  Lodi  -  Guest  Researcher,  LCP-NIDDK;  Jim 
Omichinski  -  Staff  Fellow,  LCP-NIDDK;  Mark  Robien  -  Howard  Hughes  Fellow;   Teresa 
Strzelecka,  Visiting  Associate,  LCP-NIDDK 


COCPERATMG  UNTTS  (»  any) 

Ad  Bax  and  Attila  Szabo,  LCP-NIDDK;  Boaz  Shaanan,  David  Davies,  Gary  Felsenfeld 
LMB-NIDDK;  Stephen  Stahl,  Paul  Wingfield,  Protein  Expression  Laboratory;  Ettore 
Appella.  Claude  Klee.  NCI;  Bernard  Brooks.  Indira  Chadrasekhar.  DCRT 


LAB/BRANCH 

Laboratory  of  Chemical  Physics 


SECTION 

Sections  on  Structural  Biology  and  Protein  Nuclear  Magnetic  Resonance 


INSTITUTE  AND  LOCATION 

NIH,  NIDDK,  Bethesda,  MD  20892 


TOTAL  STAFF  YEARS: 
2.0 


PROFESSIONAL: 
2.0 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects     D  (b)  Human  tissues       B  (c)  Neither 
D  (a1)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Us»  stanOarl  unraducad  rypa  Do  not  axcaod  tia  spaca  providad.) 

The  objective  of  the  overall  research  in  this  laboratory  is  centered  on 
achieving  as  complete  a  description  as  possible  for  the  structures  of  peptides, 
proteins,  nucleic  acids  and  their  complexes  in  solution,  principally  by  NMR 
spectroscopy.  At  present  particular  en^shasis  is  being  placed  on  developing 
approaches  which  allow  the  investigation  of  larger  and  more  complex  systems,  and 
increases  the  precision  with  which  these  solution  structures  can  be  obtained,  as 
well  as  on  studies  aimed  at  correlating  structure  and  function. 

Structures  for  several  proteins  have  been  determined  and  analyzed.  These 
include  the  cytokine  interleukin-4,  the  complex  of  calmodulin  with  a  target  peptide 
from  skeletal  muscle  myosin  light  chain  kinase,  the  double  zinc  finger  domain  of 
the  human  enhancer  birding  protein  MBP-1,  and  the  E3  binding  domain  of  the 
dihydrolipoamide  succinyl  transferase  core  from  the  2-oxoglutarate  dehydrogenase 
multienzyme  conqplex  of  (italic)  E.  coli.  These  studies  have  exploited  many  novel 
3D  and  4D  heteronuclear  NMR  experiments  to  dramatically  increase  sp>ectral 
resolution  and  thereby  resolve  assignment  ambiguities  in  larger  proteins.  The 
location  and  effect  of  structural  water  in  the  IgG  binding  domain  of  streptococcal 
protein  G  has  been  investigated  and  has  provided  the  first  demonstration  of  water 
induced  distortion  of  a  helix  in  solution.  Finally,  a  detailed  analysis  of  the 
electrostatic  properties  of  human  thioredoxin  has  been  carried  out  and  related  to 
its  structure. 


DEPARTMEffr  Of  HEALTH  AM)  HUMAN  SERVKXS  ■  PUBLX  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


Z01-DK-29026-04-LCP 


PEROO  COVERED 

October  1,  1992  through  September  30,  1992 


« 


TrOE  OF  PROJECT  ^ao  cfiamcMn  or  IKC.    TM*  mu$Htort  orm  Un»b*lw—n  tf  bordan.) 

NMR  and  other  spectroscopic  studies  of  molecular  structure 


PRINCPAL  NVESTIGATOR  (Ust  Mhtr  prolassiornl  panonnal  Mbw  tfM  Prtndptl  hnetigatx)  (Nmn*.  MX,  ttbonlory,  and  mstituU  affiteOon; 

P.I.:  Edwin  D.  Becker         Research  Chemist     LCP-NIDDK 


Others : 


Drazcn  Vikic-Topic 


Visiting  Associate   LAC-NIDDK 


COOPERATNG  UNITS  (Kmty) 

Sophisticated  Instruments  Facility,  Indian  Institute  of  Science,  Bangalore,  India; 
Centre  for  Cellular  and  Molecular  Biology,  Hyderbad,  India;  Molecular  Graphics  and 

Simulation  Laboratory.  DCRT 


LAafBRANCH 

Laboratory  of  Chemical  Physics 


SECTION 

Nuclear  Magnetic  Resonance  Section 


INSTITUTE  AND  LOCATION 

NIH,  NIDDK,  Bethesda,  MD 


20892 


TOTAL  STAFF  YEARS: 
1.7 


PROFESSIONAL: 
1.7 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues      B  (c)  Neither 


SUMMARY  OF  WORK  (Usa  standard  urraducad  typa  Do  not  ucoatf  r«  tpaca  provtdad) 

A.  Collaborative  studies  with  C.  L.  Khetrapal  and  others  at  the  Indian  Institute 
of  Science  use  nuclear  magnetic  resonance  (NMR)  methods  to  study  molecules 
oriented  in  liquid  crystals.  Because  the  spectra  rapidly  become  very  con^ilex 
with  increasing  numbers  of  interacting  hydrogen  atoms,  only  small  or  highly 
symmetric  molecules  have  been  studied.  We  are  exploring  a  new  method  to  use 
solid-state  NMR  spinning  techniques  to  extend  the  range  of  applicability  of 
the  method. 

B.  We  are  exploring  the  mechanism  and  potential  applications  of  the  effect  of 
isotopic  substitution  on  NMR  chemical  shifts,  as  shown  in  carbon-13  nuclei  up 
to  10  bonds  away  from  the  site  of  substitution.  Ab  initio  quantum  mechanical 
calculations  show  that  these  effects  correlate  with  electron  density 
variations  on  the  carbon  atoms  caused  by  the  small  difference  in  bond  lengths 
of  C-H  and  C-D  bonds . 
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DEPARTICNT  OF  HEALTH  AND  HUtlAN  SERVICES  •  PUBUC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

Z01-DK-2  9027-04-LCP 


PEROO  COVERED 

October  1,  1991  through  September  30,  1992 


TfTLE  OF  PROJECT  (K  ctmrmOmn  or  tef .    TM*  mutt  tlonormUnt  bttw—n  fM  bonims.) 

Theoretical  studies  of  dynamical  processes  in  chemical  physics  and  biophysics 


PRINCPAL  NVESTKjATOR  (LMt  oOm  frolasslonti  pmsomtl  btlom  ffw  Prlndptl  tnftHgaer.)  (Nam;  MM,  Hbmlory,  tna  InttttiM  afflUOon; 

P . I . :     Robert  Zwanzig  Research  Chemist  LCP-NIDDK 

Others:   Biman  Bagchi 


COOPERATNG  UNTTS  (tmy) 


LAaBRANCH 

Laboratory  of  Chemical  Physics 


SECTION 

Theoretical  Biophysics  Section 


MSTraiTE  AND  LOCATION 

NIH,  NIDDK.  Bethesda,  MD   20892 


TOTAL  STAFF  YEARS: 

1.0 


PROFESSIONAL: 
1.0 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects     D  (b)  Human  tissues       B  (c)  Neither 
D  (a1)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Uta  UanOard  unraduced  typa.  Do  not  axcaaU  t\a  spmca  providad) 

The  main  foci  of  research  have  been  on  the  theory  of  protein  folding  and  on 
the  role  of  entropy  barriers  in  determining  reaction  rates.   One  investigation  was 
a  critical  analysis  of  "Levinthal' s  paradox".   The  paradox  is  that  a  random  search 
through  possible  conformations  of  an  unfolded  protein  will  take  cosmological  times 
to  arrive  at  the  native  structure.   It  was  shown  that  this  time  can  be  reduced  to  a 
biologically  significant  size  merely  by  including  a  small  bias,  of  the  order  of  a 
few  kT,  in  factor  of  locally  native  conformations.  Another  investigation  dealt  with 
diffusion  through  geometrical  bottlenecks.   It  was  found  that  this  could  be 
described  with  moderate  success  as  diffusion  past  entropy  barriers  instead  of  the 
more  commonly  used  potential  energy  barriers.   A  third  investigation  was  motivated 
by  experimental  observations  on  the  viscosity  dependence  of  ligand  binding  to 
myoglobin.   It  was  found  that  a  temporally  fluctuating  entropy  bottleneck  can 
explain  some  aspects  of  these  experiments. 
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OEPAR'nyENT  OF  HEALTH  AM}  HUMAN  SERVICES  -  PUBLC  HEAL'm  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


Z01-DK-2  9028-02-LCP 


PEflOO  COVERED 

October  1991  through  September  1992 


TITLE  OF  PROJECT  fW  cyMflKMrx  or  <KX.    TIf  mult  II  on  orm  Un» 

Free  energy  conversion  in  biology 


tMMnMn  f)#  boftitn.) 


PRINCPAl.  MVESTIGATOR  ^1  a«Mr  protasslontl  pmnon\tt  b^krm  t»  Printipal  Im^ttigalor.)  (Hama,  WO,  taboraKvy,  md  mstttuf  ttmmoon) 

P.I.:  Yi-der  Chen         Research  Chemist         LCP-NIDDK 


Others : 


Robert  J.  Rubin 


Special  Volunteer 


LCP-NIDDK 


COCPERATWG  UNITS  (K  mty) 

Joe  Chalovich,  Dept .  of  Biochemistry,  East  Carolina  University 
Bernard  Breenen,  University  of  Ulm,  Ulm,  Germany 


School  of  Medicine; 


LAB/BRANCH 

Laboratory  of  Chemical  Physics 


SECTION 

Theoretical  Biophysics  Section 


INSTITUTE  AND  LOCATION 

NIH,  NIDDK,  Bethesda,  MD   20892 


TOTAL  STAFF  YEARS; 
1.0 


PROFESSIONAL: 

1.0 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues      B  (c)  Neither 


SUMMARY  OF  WORK  (Us»  slanOard  tnaOucad  typ«  Do  not  axcaad  n*  space  providad.} 

A  number  of  different  topics  have  been  studied  in  the  general  field  of  free 
energy  transduction  and  biophysics  of  biological  systems.   The  most  important  areas 
in  which  progress  has  been  made  are  the  study  of  dequenching  kinetics  of 
fluorescence  of  lipid-like  probes  in  membrane  fusion  systems,  equilibrium  binding 
of  caldesmon  molecules  to  actin  in  the  presence  of  myosin  molecules,  and  model 
study  on  the  transient  recovery  of  force  in  muscle  after  a  length  perturbation. 
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ANNUAL  REPORT  OP  THE  LABORATORY  OF  BIOORGANIC  CHEMISTRY 
NATIONAL  INSTITUTE  OF  DIABETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 


Th«  research  of  the  Laboratory  is  directed  towards  the  introduction  of  new 
concepts,  techniques  and  agents  for  the  elucidation  of  the  nolecular  nature  of 
mechanisms  controlling  cell  functions.  Specific  focus  is  placed  on  i) 
Development  of  selective  agonists/antagonists  for  receptors  controlling  cyclic 
nucleotide  formation,  phospholipid  metabolism  and  ion  channel  function;  ii)  The 
relationship  between  ion  transport,  phospholipid  turnover  and  cyclic  nucleotide 
generation  and  the  delineation  of  agents  with  specific  effects  on  macromolecules 
involved  in  these  systems.  iii)  The  isolation  and  structure  elucidation  of 
biologically  active  natural  products  and  definition  of  the  basis  of  their 
activity.  iv)  Effects  of  agents  on  ion  channels  and  the  development  of 
radioactive  ligands  for  modulatory  sites  in  such  channels.  v)  The  nature  of 
enzymes  involved  in  formation  and  inactivation  of  neurotransmitters,  hormones, 
and  other  modulatory  substances,  in  particular  the  enzymes,  catechol-0- 
methyltransf erase,  monoamine  oxidase,  adenylate  cyclase  and  phosphodiesterases, 
vi)  the  fundamental  mechanisms  by  which  drugs  and  environmental  chemicals  are 
transformed  in  the  body  with  emphasis  on  oxidative  metabolism  by  cytochrome  P-450 
systems  to  generate  active  oxide  metabolites  that  interact  with  macromoleculee 
such  as  DNA  and  are  metabolized  by  further  oxidation,  by  hydrolysis  and  by 
conjugation  with  glutathione. 

Some  of  the  milestones  for  the  Laboratory  are  as  follows:  i)  Introduction 
of  the  adenine-prelabeling  technique  for  study  of  cyclic  AMP  generation  in  intact 
cells;  ii)  The  steroidal  alkaloid  batrachotoxin  as  a  selective  activator  of 
sodium  channels.  iii)  Histrionicotoxin  as  a  noncompetitive  blocker  of 
acetylcholine  receptor  channels  and  potassium  channels.  iv)  Pumiliotoxins  as 
myotonic  and  cardiotonic  alkaloids  acting  through  sodium  channels  to  elicit 
phosphoinositide  turnover.  v)  N  -Substituted  adenosines  and  8-phenyl  and  8- 
cyclohexylxanthines  and  other  heterocycles  as  selective  and  potent  adenosine 
receptor  agonists  and  antagonists  suitable  as  radioligands  for  binding  studies 
and  for  definition  of  A^  and  Aj  classes  of  receptors.  vi)  Introduction  of 
forskolin  as  a  specific  emd  widely  useful  activator  of  adenylate  cyclase,  vii) 
Fluoronorepinephiines  and  analogs  as  selective  alpha  and  beta-adrenergic 
agonists,  viii)  Production  of  antibodies  to  catechol-O-methyl  transferase  and 
their  use  in  studying  localization  of  this  key  catechol-metabolizing  enzyme,  ix) 
Development  of  a  cyclic  quaternary  amine,  isoarecolone  methiodide,  with  high 
potency  and  selectivity  for  nicotinic  receptors,  x)  Definition  of  a  relationship 
between  receptor-activation  of  phosphoinositide  breakdown;  protein  kinase  C 
activation,  and  altered  responses  of  cyclic  AMP-generating  systems.  xi) 
Introduction  of  maitoxin  as  a  general  activator  for  phosphoinositide  breakdown, 
xii)  Discovery  of  the  NIH  shift  of  aryl  substituents  during  P-450  catalyzed 
phenol  formation  and  demonstration  of  arene  oxides  as  intermediates.  xiii) 
Demonstration  of  oxidation-hydrolysis  pathways  that  convert  stereoselectively 
polycyclic  aromatic  hydrocarbons  to  ultimate  diol  epoxides  that  react  with  DNA. 
xiv)  Discovery  and  formulation  of  the  bay-region  theory,  which  is  predictive  of 
the  pathway  for  formation  of  reactive  carcinogenic  metabolites  from  polycyclic 
aromatic  hydrocarbons.  xv)  Development  of  optical  assays  for  protease  and 
reverse  transcriptase  of  HIV-1. 

The  laboratory  accomplishes  its  mission  both  through  its  own  resources  and 
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through  •xteneive  col labor at iona  with  other  laboratoriea  both  at  NIH,  at 
Universitiea,  Muaeume,  and  other  inatitutea  and  in  drug  and  chemical  companies. 
Such  collaborations  can  involve  sharing  of  expertise  on  syntheses,  isolations, 
analyses  and  biological  testing  and  field  work  to  obtain  aourcea  of  new  natural 
products. 

SECTION  ON  PHARMACODYNAMICS 

Pharmacolooicallv  Active  Compounds  from  Amphibians  and  Other  Natural  Sources 

Structure  elucidation  of  al)caloids  from  skin  of  frogs  and  toads  continues 
to  reveal  unique  new  compounds  many  with  high  biological  activity.  Synthorses  for 
several  of  these  are  under  investigation,  including  the  pseudophrynamines,  which 
based  on  structural  analogy  to  physostigmine,  may  be  acetylcholine  esterase 
inhibitors,  epibatidine,  a  novel  pyridyl-nortropane  with  potent  non-opioid 
analgetic  activity,  the  pyrrolidine  oximes  and  a  proposed  class  of  dehydro- 
homopumiliotoxins . 

Homobatrachotoxin  in  Birds.  The  first  example  of  toxicity  and  chemical 
defense  in  birds  was  discovered.  Three  species  of  birds  of  the  New  Guinean  genus 
Pitohul  possess  the  steroidal  alkaloid  homobatrachotoxin,  a  toxin  previously 
considered  unique  to  neotropical  poison-dart  frogs  of  the  genus  Phyllobates.  The 
birds  also  contain  an  alkaloid  in  muscle  with  local  anesthetic  activity. 

Alkaloid  Profiles;  Genetic  or  Environmental  Determinants.  Dendrobatid 
frogs  produce  a  diverse  set  of  alkaloids,  whose  profiles  appear  characteristic 
of  frogs  of  each  species  or,  in  the  case  of  variable  species,  of  each  population. 
In  the  case  of  one  widespread  species,  Oencfrobates  turatua,  alkaloid  profiles  in 
extracts  of  skin  are  markedly  different  in  three  populations,  one  from  a 
Panamanian  Pacific  Island,  one  from  central  mountains  in  Panama,  and  the  third 
from  the  Caribbean  coast  in  Costa  Rica.  The  first  contains  three  major  classes 
of  dendrobatid  alkaloids,  the  histrionicotoxins,  the  pumiliotoxin-A  class  and  the 
decahydroquinolines.  The  second  contains  mainly  histrionicotoxins,  pumiliotoxin- 
A  class  alkaloids  and  one  indolizidine.  The  third  contains  histrionicotoxins, 
a  homopumliotoxin,  one  decahydroquinoline,  and  a  variety  of  indolizidines, 
quinolizidines  and  pyrrolizidines.  Frogs  were  introduced  into  the  Hawaii,  in 
1932.  Remarkably,  although  alkaloids  of  the  pumiliotoxin-A  class  and  one 
decahydroquinoline  are  still  major  constituents  in  skin  extracts  of  Hawaiian 
frogs  descended  from  the  1932  founding  population,  histrionicotoxins  are  absent 
and  a  novel  tricyclic  aklaloid  is  present.  Offspring  of  wild-caught  parents 
raised  in  indoor  terrariums  on  a  diet  of  crickets  and  fruit  flies  do  not  contain 
detectable  amounts  of  skin  alkaloids.  Offspring  raised  in  large  outside 
terrariums  in  Hawaii  and  fed  mainly  wild-caught  termites  and  fruit  flies  do 
contain  the  same  profile  of  alkaloids  as  their  wild-caught  parents  in  Hawaii,  but 
at  reduced  levels.  The  genetic,  environmental  and  dietary  determinants  of 
alkaloid  profiles  in  dendrobatid  frogs  remain  obscure,  in  particular  the 
underlying  cause  for  total  absence  in  terrarium-reared  frogs. 

Epibatidine;  A  Novel  Chloropvridvlarabicvcloheptane.  A  potent  non-opioid 
analgesic,  epibatidine,  has  been  isolated  from  skins  of  the  Ecuadoran  poison 
frog,  Epipedobatea  tricolor,    and  its 

structure  determined  by  mass  spectrometry,  and  infrared  and  ^H-NMR  analyses  as 
exo-2-(6-chloro-3-pyridyl)-7-azabicyclo[ 2. 2.1] heptane.  It  represents  a  unique 
new  class  of  alkaloids  and  is  many  fold  more  potent  than  morphine  as  an 
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analgesic.   Its  effects  are  not  blocked  by  the  opioid  antagonist  naloxone.   X 
synthetic  route  has  been  developed. 

Pvrrolitidine  Oximes.  Analysis  of  gas  chrotnatogrpahic  infrared  spectra  and 
reexamination  of  H-  and  C-NMR  data  led  to  revised  structures  for  three  closely 
related  tricyclic  alkaloids  from  a  dendrobatid  poison-frog  Dmndrobtfa  pumilio. 
The  simplest  member,  222,  is  a  spiropentano-pyrrolisidine  oximes,  while  236  is 
the  corresponding  O-methyl  oxime  and  252,  a  hydroxy-O-iitethyl  oxime.  The  0- 
methyloxime  has  been  synthesized  and  additional  amounts  are  being  prepared  for 
biological  investigation. 

Alkaloids  in  Wondendrobatid  Froos.  Brightly  colored  ranid  frogs  of  the 
Madagascan  genus  Jfanteiia  contain  a  variety  of  skin  alkaloids  based  on  mass 
spectral  and  infrared  gas  chromatographic  analysis.  All  contained  one  or  more 
representatives  of  the  pumiliotoxin-A  class  with  the  13 , 14-dihydro  derivatives 
often  found  in  major  amounts.  Major  amounts  of  t%iro  1,4-disubstituted 
quinolizidines  2t7A  and  231A  and  a  5,8-disubstituted  indolizidine  217B  were  found 
in  one  species,  in  addition  to  many  minor  or  trace  quinolizidines  and 
indolizidines.  Such  quinolizidines  and  indolizidines  were  present  as  trace 
alkaloids  in  the  six  other  species  of  /Tajiteiia,  along  with  3,5-disubstituted 
indolizidines  and  pyrrolizidines,  the  decahydroquinoline  cis-19SA,  tricyclic 
alkaloids  and  homopumiliotoxins.  A  new  alkaloid  class,  which  appears  to  contain 
a  quinolizidine  moiety,  is  seen  in  two  species  and  is  represented  by  235C  and 
several  congeners.  Skins  of  bufonid  toads  of  the  genus  Melanophrynlacua  contain 
several  classes  of  alkaloids:  Decahydroqu inclines,  pumiliotoxins, 
allopumiliotoxins,  homopumiliotoxins,  both  3,5-  and  5,6-disubstituted 
indolizidines,  3,5-disubstituted  pyrrolizidines  and  a  1,4-disubstituted 
quinolizidine.  Tricyclic  alkaloids,  including  precoccinelline  and  alkaloid  236, 
a  pyrrolizidine  oxime  methyl  ether,  are  present  in  one  population  of 
Helanophryniacua  atelzneri. 

Anticonvulsants  and  batrachotoxin  binding.  A  series  of  1-phenylcycloalkane 
carboxylic  acid  derivatives  of  the  anticonvulsant  carbetapentane  JCBP)  were 
examined  as  inhibitors  of  the  specific  binding  of  batrachotoxinin-[  H]benzoate 
([  H]BTX-B)  to  sodium  channels  in  synaptoneurosomes .  Anticonvulsant  potency  was 
determined  by  the  maximal  electroshock  technique.  Expansion  of  the  pentane  ring 
to  a  cyclohexane  ring  with  either  an  amide,  ester,  or  ether  modification  of  CBP 
resulted  in  a  higher  affinity  for  the  BTX  site  but  lower  anticonvulsant  activity. 
Replacing  the  ester  with  an  ether  moiety  in  CBP  resulted  in  a  2-fold  increase  in 
anticonvulsant  potency  with  only  a  minimal  decrease  in  affinity  for  the  BTX  site. 
However  replacing  the  ester  with  a  methylamine  linkage  in  CBP  resulted  in  a 
complete  loss  of  anticonvulsant  activity  and  only  a  modest  decrease  in  affinity 
for  the  BTX  site.  There,  thus,  was  no  correlation  between  (  H]BTX-B  binding  and 
anticonvulsant  potency. 


SECTION  ON  PHARMACODYNAMICS 

Pharmacology  and  Metabolism  of  Biogenic  Amines  and  Related  Comtwunds 

COMT: 

Light   and  electron-microscopic   immunochemical   observations   of   the 
localization  of  the  soluble  form  of  COMT  in  rat  uterus  and  kidney  were  made  with 
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a  specific  antibody  using  the  peroxidaae-antiperoxidaae  technique  with  peroxidase 
conjugated  with  streptavidin. 

The  previous  demonstration  of  the  progesterone-dominance  in  the  early 
appearance  of  COMT  in  the  luminal  epithelium  and  glandular  epithelium  of  the 
metrial  gland  in  the  uterus  of  the  pregnant  and  pseudopregnant  rat  has  been 
extended  to  include  an  examination  of  the  effects  of  antgonists  of  progesterone 
receptors  on  the  appearance  of  CX>MT.  Administration  of  RD486  on  day  0  and  day 
1  of  pregnancy  or  pseudopregancy  appears  to  completely  block  the  expected 
appearance  of  luminal  C5<»!T  on  day  3.  Preliminary  results  suggests  that  the 
absence  of  luminal  COMT  leads  to  a  failure  of  successful  implantation  in  pregnant 
rats. 

COMT  and  rat  macrophage-specif ic  antigens  %#ere  localised  tn  the  corpus 
lutea  of  the  rat  by  double  tmmunocytochemical  staining.  A  polyvalent  rabbit 
antisera  for  the  soluble  form  of  rat  COMT  and  a  macrophage-specif ic  monoclonal 
antibody,  EDI,  which  recognizes  rat  monocytes,  macrophages,  and  dendritic  cells 
were  used  in  this  study.  Immunoglobulin-gold  particles  were  used  to  localize  the 
macrophage-specif ic  antibody  at  the  electron-microscopic  level.  The  results 
clearly  demonstrate  the  coexistence  of  COMT  and  EDI  monoclonal  antibody  positive- 
reaction  products  in  the  same  cells  in  the  corpus  lutea  of  the  rat  ovary  and 
provide  convincing  evidence  the  COMT-positive  cells  are  macrophages.  We  have 
also  demonstrated  that  macrophages  in  cervical  lymph  nodes  are  the  cellular  site 
of  both  the  extraneuronal  uptake  of  norepinephrine  and  COMT.  The  extraneuronal 
site  of  norepinephrine  uptake  was  determined  by  histochemical  fluorescence.  A 
pronounced  granular  green  fluorescence  was  present  in  the  cytoplasm  of 
macrophages  following  norepinephrine  uptake.  Our  results  suggest  that 
macrophages  provide  a  model  of  the  extraneuronal  transport  system  for 
norepinephrine . 

The  study  of  COMT  activity  in  hamster  kidney  following  estrogen-induced 
renal  carcinogenesis  is  still  in  progees.  The  distibution  of  COMT  in  the  hamster 
kidney  is  qualitatively  similar  to  that  in  the  rat  in  that  the  major  site  of  COMT 
is  in  the  epithelial  cells  of  the  proximal  tubules  with  lessor  amounts  in  the 
epithelial  cells  of  the  collecting  ducts.  Preliminary  results  suggests  that  the 
level  of  COMT  activity  in  estrogen-induced  hamster  renal  carcinoma  is  elevated. 
The  localization  and  level  of  COMT  in  estrogen  receptor-positive  and  -negative 
endometrial  and  breast  adenocarcinoma  is  still  under  study. 

Studies  on  the  role  of  COMT  in  the  biosynthesis  of  mammalian  alkaloids  has 
been  extended  to  an  examination  of  the  nature  of  the  additional  products  formed 
during  the  O-methylation  of  both  (R)-  and  (S)-3'-Hydroxycoclaurine.  O-Methylation 
of  3'-hydroxycoclaurine  yielded  the  expected  O-methylethers,  N-norreticuline  and 
nororientaline  in  approximately  equal  amounts  for  the  (S)-  and  (R) -antipodes.  The 
additional  products  derived  from  3'-hydroxycoclaurine  have  been  tentatively 
indentified  berbines.  Chromatographic  identity  suggests  that  norreticuline  gives 
rise  to  scoulerine  and  coreximine  and  the  nororientaline  give  rise  to  10- 
demethyldiscentrine  and  stephoidine.  Exclusion  of  exogenous  formaldehyde  in  the 
O-methylation  procedure  failed  to  prevent  berbine  formation. 

Fluorine   and  Other  Derivativea  of  Biogenic  Amines  and  Amino  Acids: 

The  tissue  distribution  and  time  course  of  incorporation  into  acid 
insoluble  (bound)  and  acid  soluble  (free)  fractions  of  [  H]2-f luorohistidine  is 
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compared  to  that  of  U[  C]Hiatldine  in  mouse  tissues  in  vivo.  The  cycloheximide- 
sensitive  incorporation  of  2-FHis  is  between  9  and  17  percent  of  that  of  His. 
Unlike  [  C]His  a  major  fraction,  approximately  90%  at  72  hrs,  of  isotope  derived 
from  [  H] 2-FHis  remains  in  tissues  for  a  prolonged  period  in  an  acid  soluble 
form.  The  excretion  of  isotope  derived  from  [  C]His  (T^^  >  5  hr)  is  more  rapid 
than  from  [H] 2-FHis  (T^  >  11.4  hrs).  2-FHis,  at  doses  from  100  to  250  mg/kg 
produce  a  reversible  inhibition  of  grovrth  in  mice. 


SECTION  ON  PHARMACODYNAMICS 

Ion  Channels.  Receptors  and  Second  MessenQers  in  the  Nervous  System 

Maitotoxin;  Site  of  Action.  Maitotoxin  appears  to  stimulate  calcium  influx 
via  a  so-called  receptor-mediated  calcixim  entry  system,  thereby  causing 
stimulation  of  phosphoinositide  breakdown.  In  glioma  C6,  pheochrooocytoma  PC12, 
insulinoma  HIT  and  human  blood  cells  maitotoxin  elicits  a  dose-dependent 
stimulation  of  Ca  *  influx  while  having  no  effect  in  liposomes.  Thus,  maitotoxin 
does  not  act  as  an  ionophore.  In  HIT  cells  maitotoxin  also  elicited  influx  of 
Rb  >Na%Mn  * ,  but  the  stimulation  was  far  less  than  for  Ca  .  Stimulation  of  Ca 
influx  was  blocked  by  Ni  ^,  Co*,  Cd  *  and  Mn*^,  and  markedly  reduced  by  Ba  . 
Divalent  cations,  in  particular  Ca  ,  Ba  ,  Mn  and  Cd  ,  enhanced  influx  of  the 
monovalent  cations  Na*  and  Rb  .  Partial  structures  of  maitotoxin  indicate  the 
presence  of  double  bonds  at  both  termini  of  this  ladder-shaped  terpene  and  a 
primary  alcohol  at  one  termini.  These  functionalities  were  used  for  preparation 
of  radioligands  of  MTX  namely  [  H]perhydro-MTX  and  [  H]benzoyl-MTX.  Both 
radioligands  had  high  levels  of  non-specific  binding  to  tissues.  The  binding  of 
I  H]perhydro-MTX  to  rat  glioma  C6  cells  was  inhibited  by  a  didesulfo-MTX, 
suggesting  the  presence  of  the  specific  site  for  MTX-binding  on  the  external 
surface  of  the  cell  membrane. 

Molecular  Species  Analysis  of  Phospholipids:  Phospholipids  from 
pheochromocytoma  PC12  cells  were  purified  by  thin-layer  chromatography.  Material 
corresponding  in  R^  to  phosphatidic  acid  (PA)  was  analyzed  by  fast  atom 
bombardment  mass  spectrometry  (FAB).  The  molecular  ions  of  the  major 
constituents  corresponded  in  mass  to  phosphatidylglycerols,  which,  however,  have 
a  lower  Rp  value.  Analysis  of  the  mass  spectra  demonstrated  that  this  material 
consists  of  bis (monoacylglycero) phosphates  (BMP).  Linked  scans  of  individual 
molecular  ions  indicate  that  BMP  from  PC12  cells  is  esterif ied  almost  exclusively 
with  monounstaturated  (16:1  and  18:1)  and  polyunsaturated  (20:4  and  22:6)  fatty 
acids.  One  of  the  two  major  molecular  species  contains  t«ro  monounsaturated 
(18:1/16:1),  while  the  other  contains  both  a  monounsaturated  (18:1)  and  a 
polyunsaturated  (22:6)  fatty  acid  ester.  PC12  cells  were  stimulated  with  a 
phorbol  ester  or  with  the  calcium-mobilising  receptor  ligand  bradykinin  in  media 
containing  1%  ethanol.  The  fatty  acid  composition  of  the  molecular  species  of 
phosphatidylethanol  (PEt),  a  product  of  phospholipase  D  activation,  formed  in 
stimulated  cells  was  compared  with  the  molecular  species  of  endogenous 
phospholipids  isolated  from  unstimulated  PC12  cells.  PEt  was  isolated  and 
analyzed  by  FAB.  Fatty  acid  composition  and  headgroup  structure  of  the  major  PEt 
molecular  ions  were  confirmed  by  linked  scan  analysis.  Phosphatidylcholine, . 
phosphatidylethanolamine,  phosphatidylserine,  and  phosphatidylinositol  were 
isolated  from  unstimulated  cells  and  converted  into  phosphatidic  acids  using 
phospholipase  D.  Mass  spectra  of  the  respective  phosphatidic  acids  were  obtained 
by  FAB.   The  molecular  species  of  PEt  formed  in  phorbol  ester  and  bradykinin- 
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■timulated  PC12  call  were  identical  to  those  of  phosphatidylcholina  isolated  from 
untreated  cells.  FAB  in  combination  with  thin-layer  chromatography  is  ideally 
suited  for  analysis  of  molecular  species  of  phospholipids. 


SECTION  ON  OXIDATION  HBCHANISMS 

gntvmatic  Oxidation  of  Druos  to  Toxic  and  Carcinogenic  Metabolites 

In  the  area  of  polycyclic  aromatic  hydrocarbon  metabolism  and  chemistry, 
synthesis  and  conf igurational  assignment  of  four  enantiomerically  pure,  bay- 
region  10,11-diol  8,9-epoxide  diastereomers  of  dibenc[a,h]acridine  from  the 
corresponding  optically  purs  tra/is-10 , 11-dihydroxy- 10 , 11- 
dihydrodibens[a,h]acridine  enantiomers  has  been  completed.  The  present  studies 
utilized  short  bed/continuously  developed  preparative  TLC  plates  to  separate 
diastereomeric  bis( (-)-menthyloxy)  esters  of  the  racemic  trans-dihydrodiol. 
Assignment  of  (lOR, IIR) -absolute  configuration  to  (-)-tr«n«-10, 11-dihydroxy- 
10,ll-dihydrodibenz[a,h]acridine  was  achieved  through  the  application  of  the 
exciton  chirality  circular  dichroism  technique  to  the  bis[p-(dimethylafflino)- 
cinnamoyl]  ester  of  its  tetrahydro  analog. 

Metabolism  of  the  (  +  )-(S,S)-  and  (-)-(«, il)-l,2-dihydrodiols  of  triphenylene 
by  rat  liver  microsomes  and  11  purified  isozymes  of  cytochrome  P450  in  a 
reconstituted  monooxygenase  system  has  been  examined.  Both  enantiomers  were 
metabolized  at  comparable  rates  by  each  preparation.  The  distribution  of 
metabolites  between  phenolic  dihydrodiols  and  bay-region  1,2-diol  3,4-epoxide 
diastereomers  varied  substantially  with  the  different  systems.  Only  cytochromes 
P450C  (P4501A1)  and  P450d  (P450IA2)  had  high  catalytic  activity.  With  either 
enantiomer,  both  purified  cytochrome  P450c  (P450IA1)  and  liver  microsomes  from 
3-methylcholanthrene-treated  rats  formed  diol  epoxides  and  phenolic  dihydrodiols 
in  approximately  equal  amounts.  Purified  cytochrome  P450d  (P450IA2),  however, 
formed  bay-region  diol  epoxides  and  phenolic  dihydrodiols  in  an  80:20  ratio. 
Experiments  with  antibodies  indicated  that  a  large  percentage  of  the  metabolism 
by  microsomes  from  control  and  phenobarbital-treated  rats  is  catalyzed  by 
cytochrome  P450p  (P450IIIA1). 

Bay  region  diol  epoxides  react  with  the  purine  bases  in  DNA  by  alkylation 
of  their  exocyclic  amino  groups.  Thus,  DNA  oligomers  of  defined  sequence  with 
specific  diol  epoxide  adducts  are  of  immense  value  in  studying  mechanisms  of 
mutagenesis  and  carcinogenesis.  The  bay-region  tetrahydrophenanthrene-3 , 4- 
epoxide  represents  a  prototype  for  the  carcinogenic  bay-region  diol  epoxides  of 
polycyclic  aromatic  hydrocarbons.  The  trans  N-6  amino  adduct  of  2'- 
deoxyadenosine  (dA)  with  the  tetrahydroepoxide  at  the  benzylic  4-position  was 
prepared  by  coupling  the  trans  C-4  aminolysis  product  of  the  epoxide  with  the  6- 
fluoro  analog  of  dA  in  which  the  sugar  hydroxyl  groups  %#ere  protected  as  silyl 
ethers.  The  resulting  pair  of  diastereomers,  after  chromatographic  separation, 
were  assigned  absolute  configurations  through  the  use  of  optically  pure  epoxide 
of  Icnown  configuration.  The  (3S,4S)-diastereoiDer,  after  appropriate 
derivatization,  has  been  incorporated  in  high  yield  into  the  deoxypentamer 
TpOpApOpT  to  document  the  utility  of  the  nucleotide  coupling  as  well  as  the 
blocking/deblocking  procedures  in  the  synthesis  of  a  hydrocarbon  adducted 
oligomer.  Synthesis  of  the  cis  ring-opened  epoxide  adduct  by  the  exocyclic 
amino  group  of  2'-deoxyadenosine  (dA)  has  also  been  achieved.  The  approach  taken 
consists  of  coupling  (±)-ci«-3-hydroxy-4-amino-l,2,3,4-tetrahydrophenanthrene 
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with  a  6-fluoro  analog  of  dA  in  which  tha  furanose  hydroxy  I  groups  are  prot«ct«d. 
The  required  amino  alcohol  was  obtained  by  reaction  of  1,2-dihydrophenanthrene 
with  osmium  tetroxide  to  form  the  eis  3,4-diol,  conversion  to  the  trans 
chlorohydrin  benzoate  vit  its  orthobenzoate,  displacement  of  the  benzylic 
chloride  by  azide,  hydrolysis  to  the  cis  azido  alcohol,  and  reduction  to  the 
racemic  cis  amino  alcohol.  Coupling  of  the  amino  alcohol  with  the  3',S'-bis- 
tert-butyldimethylsilyl  derivative  of  6-fluoro-9-(2'-deoxy-jS-D-eryt/iro- 
pentofuranosyl) purine  results  in  a  pair  of  diastereotners  that  are  readily 
separated  by  HPLC  on  silica  gel.  Replacement  of  the  previously  used  pyridine  by 
2,6-lutidine  significantly  improved  the  yield  for  the  coupling  step.  Both 
adducts  were  acetylated  on  the  hydroxyl  group  of  the  hydrocarbon  and  then 
desilylated  on  the  sugar.  Absolute  configurations  were  assigned  to  the  acducts 
based  on  the  shapes  of  their  CD  spectra.  The  adducts  i««re  blocked  at  the  5'- 
sugar  hydroxyl  group  with  the  4,4'-diiDethoxytrityl  group  and  allowed  to  react 
with  2-(cyanoethyl)-tf/}r-diisopropyl  chlorophosphoramidite  to  produce^the  desired 
activated  nucleosides.  Incorporation  into  the  deoxynucleotide  TpGpA  pGpT  as  the 
central  base  proceeded  in  good  yield  with  minor  modifications  to  the  standard  DNA 
synthesizer  protocol. 

The  synthesis  and  separation  of  the  diastereomeric  trans  n  -2'- 
deoxyguanosine  (dG)  adducts  of  tetrahydrophenanthrene  3,4-epoxide  and 
benzo [ a ] pyrene  7,e-diol  9,10-epoxide  (benzylic  hydroxyl  group  and  epoxide  oxygen 
transj ,  as  well  as  the  incorporation  of  the  former  into  the  pentanucleotide 
TpApG  pApT,  have  also  been  described.  Thus,  our  present  methodology  allows 
synthesis  of  DNA  oligomers  containing  either  cis  or  trans  opened  diol  epoxide 
adducts  at  the  exocyclic  amino  group  of  both  purine  bases. 

The  pS189  shuttle  vector  carrying  a  BupF  target  gene  was  used  to  compare 
the  mutagenic  specificities  of  the  four  conf igurational  isomers  of 
benzo [cjphenanthrene  3,4-diol  1,2-epoxide.  One  of  these  isomers  is  the  most 
tumorigenic  dihydrodiol  epoxide  tested  to  date  and  another  is  essentially 
inactive  as  a  tumorigen.  Overall  mutagenicities  were  not  correlated  with 
tumorigenicities,  but  each  conf igurational  isomer  induced  a  unique  spectrum  of 
mutational  hot  spots  in  the  supF  target  gene,  which  monitors  primarily  point 
mutations.  It  is  suggested  that  the  demonstrated  isomer-specif ic  selectivity  for 
mutation  targets  within  the  aupF  gene  may  be  indicative  of  a  similar  selectivity 
for  one  gene  versus  another  and  that  such  selectivity  may  be  one  determinant  of 
relative  tumor igenicity. 

Mutations  in  the  coding  region  of  the  hypoxanthine  (guanine) 
phosphoribosyltransf erase  (HPRT)  gene  of  Chinese  hamster  V-79  cells  vrere  examined 
after  exposure  of  the  cells  to  a  high  cytotoxic  dose  (0.48  //M;  35%  survival)  and 
a  low  noncytotoxic  dose  (0.04  fJH;  100%  survival)  of  the  ultimate  carcinogen  (•«■)- 
7R,8S-dihydroxy-9S,10R-epoxy-7,8,9,10-tetrahydrobenro[a)pyrene  [ (+)-BPDE] . 
Independent  8-azaguanine-resistant  colonies  were  isolated  and  cDNAs  tiere  prepared 
by  reverse  transcription.  The  coding  region  of  the  cDNA  of  the  HPRT  gene  was 
amplified  by  the  polymerase  chain  reaction  and  sequenced.  An  examination  of  the 
DNA  base  sequence  changes  induced  by  different  doses  of  (•f)-BPDX  demonstrated 
that  the  high  dose  of  (■f)-BPDE  caused  base  substitution  mutations  almost 
exclusively  at  G-C  base  pairs  whereas  the  low  dose  of  (•f)-BPDB  caused  mutations 
at  both  G-C  and  A-T  base  pairs.  Thus,  use  of  a  low  dose  of  (■»-)-BPDB  allowed  the 
detection  of  mutations  (at  A-T  base  pairs)  that  were  not  readily  observed  with 
a  high  dose  of  (■t-)-BPDE.  The  data  also  suggest  that  the  low  dose  of  (•«-)-BPDE  may 
have  caused  a  different  profile  of  base  substitutions  at  G-C  base  pairs  and  exon 
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deletions  than  the  high  doee.  The  reaulte  indicate  doaedependent  differences  in 
the  profile  of  mutations  for  an  ultimate  carcinogen. 


SECTION  ON  OXIDATION  MECHANISMS 

Mechanistic  Enrvmoloov  of  HIV  Proteins 

In  infectious  virions,  the  active  form  of  the  RT  of  HIV-1  is  a  heterodimer 
consisting  of  subunits  of  66  and  SI  kDa  (p66  and  p51,  respectively).  The  amino 
terminal  portion  of  the  p66  polypeptide  contains  the  polymerase  domain  and  is 
separated  from  the  carboxyl  terminal  portion,  which  contains  the  RNase-B  domain, 
by  a  central  region.  In  a  previous  report,  \m  identified  ttro  highly  conserved 
amino-acid  repeat  motifs  within  this  central  region:  the  first  resembles  a 
"leucine  sipper"  motif  consisting  of  four  leucines  and  one  threonine,  and  the 
other  is  an  unusual  tryptophan  repeat  iKitif.  In  the  isolate  HIV-Ihxbz  the 
proposed  leucine  zipper  comprises  residues  282  through  310  of  RT.  In  an  attempt 
to  assess  whether  this  motif  behaves  analogously  to  a  classical  leucine  zipper, 
which  should  lorm  an  a-helix  capable  of  dimerization,  a  30  amino  acid  peptide 
corresponding  to  the  proposed  zipper  sequence  in  this  isolate  was  examined  by  CD 
measurements  in  the  far-UV  region.  In  aqueous  buffer  (pH  7.0)  at  25  °C  the  CD 
spectrum  is  characteristic  of  a  random  coil  conformation,  whereas  in  the  presence 
of  90%  trif luoroethanol,  an  a-helix  promoting  agent,  the  CD  spectrum  exhibits 
changes  indicative  of  partial  (ca.  16  %)  a-helix  formation.  On  the  basis  of  this 
observation  as  well  as  molecular  dynamics  calculations  by  Carson  et  al. 
(NIH/DCRT)  we  had  proposed  that  interactions  between  these  sequences  in  the  p51 
and  p66  subunits  might  be  involved  in  heterodimer  formation.  Within  the  past 
year,  the  X-ray  structure  of  HIV-1  RT  with  a  bound  inhibitor  has  been  solved  by 
Kohlstaedt,  Wang,  Friedman,  Rice  and  Steitz  [Science  236,  1783-1790  (1992)].  In 
this  crystalline  heterodimer,  the  polypeptide-chain  regions  of  the  p51  and  p66 
subunits  that  comprise  our  putative  leucine  zipper-like  sequence  are  not  in 
contact.  Thus,  interaction  between  these  sequences  of  the  two  subunits  is  not 
possible,  and  their  function  is  still  unknown. 

A  continuous  microspectrophotometric  method  was  used  to  measure  the  rates 
of  hydrolysis  of  three  synthetic  peptide  substrates  catalyzed  by  the  retroviral 
proteases  of  HIV-1  and  of  avian  myeloblastosis  virus  <AMV)  as  vrell  as  the 
mammalian  aspartic  acid  protease  pepsin.  The  kinetic  parameter  )Ccat/^  ^c»^  these 
reactions  is  markedly  increased  by  increasing  the  sodium  chloride  concentration. 
In  all  cases,  we  observed  a  monotonic  increase  in  rate  with  increasing  salt 
concentration  up  to  5.0  M  NaCl.  This  result  is  inconsistent  with  several  reports 
in  the  literature  of  a  bell-shaped  dependence  of  the  rate  on  sodium  chloride 
concentration.  These  previous  studies  employed  point  assays  in  which  partial 
insolubility  of  the  substrates  at  high  ionic  strength  may  have  been  undetected. 
If  this  were  the  case,  a  decrease  in  apparent  rate  would  be  observed  at  high  salt 
concentrations,  because  the  concentration  of  substrate  available  to  the  rnzyme 
would  depend  upon  its  solubility  rather  than  the  nominal  amount  of  substrate  in 
the  reaction  mixture,  and  bell-shaped  curves  %rould  result.  The  use  of 
chromogenic  substrates,  whose  solubilities  could  be  evaluated  spectrophoto- 
metrically  at  each  salt  concentration,  eliminated  this  potential  source  of  error. 
Detailed  kinetic  analysis  of  the  hydrolysis  of  the  synthetic  peptide,  Thr-Phe- 
Gln-Ala-Phe(N02)-Pro-Leu-Arg-Glu-Ala,  catalyzed  by  AMV  protease  and  by  pepsin  at 
concentrations  of  sodium  chloride  between  2  and  S  M  showed  that  k^at  remained 
constant,  whereas  K.  for  both  enzymes  and  K{  for  the  inhibition  by  pepstatin  A 
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of  th«  AMV  protaase-catalyzad  hydrolysis  %#«r«  markedly  d«craas«d.  Slopsa  of  log 
Ka  and  log  K{  for  the  AMV  protease  vs.  sodium  chloride  concentration  v^re 
identical.  The  observation  that  salt  concentration  does  not  affect  k^at  suggests 
that  this  salt  effect  is  not  due  to  changes  in  the  secondary  structure  or  extent 
of  dimerization  of  the  retroviral  proteases.  The  similarity  of  the  sodium 
chloride  effects  on  kc«t/%  ^^r  the  monomeric  enzyme  pepsin  and  for  the  dimeric 
retroviral  proteases  is  also  not  consistent  with  a  salt  effect  on  the  monocoer- 
dimer  equilibrium  of  the  retroviral  proteases.  The  most  likely  mechanism  for 
this  effect  on  both  X.  and  Kf  involves  a  "salting  out"  phenoownon  in  which 
hydrophobic  interactions  betvreen  the  substrate  or  inhibitor  and  the  enzymes' 
active  sites  are  enhanced  at  high  salt  concentrations. 

We  are  continuing  collaborative  studies  with  Dr.  John  Louis  [Project  No. 
ZOl  DK  15509-01  LCDB]  on  the  autoprocessing  of  the  HXV-1  protease.  The 
availability  of  protease  constructs  containing  flanking  Pol  region  sequences, 
expressed  as  fusion  proteins  with  the  maltose-binding  protein  (MBP)  of  the  malE 
gene  of  EachmrichiM  coli,  has  made  possible  kinetic  studies  of  their  auto- 
processing to  give  enzymatically  active  protease.  The  denatured  (5  M  urea) 
fusion  protein,  MBP-^ol-PR-APol ' ,  undergoes  renaturation  and  autoprocessing  upon 
dilution  with  aqueous  buffers  in  a  stepwise  process  whose  time  dependence  may  be 
followed  by  i)  spectrophotometric  assays  of  protease  activity  and  ii)  separation 
by  SDS-PAGE  of  the  protein  species  formed,  and  quantitation  of  the  resulting 
bands  by  densitometry.  Four  protein  species  were  monitored  during  the  activation 
process:  the  full-length  fusion  protein,  the  MBP,  a  13.2  kDa  intermediate  which 
presumably  contains  the  C-terminal  /^ol'  sequence,  and  the  11  kDa  protease.  The 
latter  two  species  were  detected  by  immunoblotting.  The  quality  and  reproduci- 
bility of  quantitative  data  derived  from  the  gels  «rere  such  as  to  provide  highly 
reliable  kinetic  results.  The  appearance  of  enzymatic  activity  occurs  with  a 
rate  constant  identical  to  that  for  the  disappearance  of  the  full-length  fusion 
protein,  the  appearance  of  the  maltose  binding  protein,  and  the  appearance  of  the 
aum  of  the  13.2-  and  11-kDa  species.  This  process  has  a  half-life  of  ca.  20  min, 
and  is  first-order  in  protein  concentration,  consistent  with  a  mechanism  in  which 
the  fusion  protein  exists  at  equilibrium  predominantly  as  a  dimeric  species, 
which  undergoes  intramolecular  cleavage  of  the  MBP-^ol  fragment  in  the  initial 
proteolytic  step.  Conversion  of  the  13.2-kDa  protein  to  the  11-kDa  protease  is 
much  slower  than  the  formation  of  this  intermediate,  such  that  its  concentration 
exhibits  a  typical  rise  and  decay  pattern.  Since  the  appearance  of  enzymatic 
activity  is  concomitant  with  the  formation  of  the  13.2-kDa  protein,  this  species 
must  possess  catalytic  activity  similar  to  that  of  the  mature  11-kDa  protease. 


SECTION  ON  OXIDATION  MECHANISMS 

Mass  Spectrometry  of  Drugs.  Natural  Products.  Proteins  and  Oligonucleotides. 

Biologically  Active  Molecules  from  Plants  and  marine  Organisms:  The 
collaboration  on  the  structural  investigation  of  biologically  active  natural 
products  from  plants  and  marine  organisms  has  continued.  The  compounds 
investigated  are  those  that  show  promising  antiviral,  antibacterial  and, 
especially,  anti-AIDS  potencies,  or  are  synthetic  derivatives  of  these  compounds. 
Compounds  with  high  anti-AIDS  activities  have  been  identified. 

Calcium  Channel  Blocker:  Effort  has  been  expended  to  establish  the 
identity  of  a  natural  calcium  channel  blocker  and  its  final  identity  is  almost 
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confirmed.   A  compound  has  been  identified  and  work  is  continuing  to  establish 
its  structure. 

Anticonvulsant  plasma  level  studies:  Three  blood  studies  have  so  far  been 
completed  on  anticonvulsant  drugs  of  interest  for  possible  patient  clinical 
trials  in  the  Epilepsy  Research  Branch  of  NINCDS.  Of  particular  interest  has 
been  the  very  marked  difference  in  the  activity  of  l-(3-fluorophenyl)- 
cyclohexylamine  between  rats  and  mice.  By  an  examination  of  the  difference  in 
metabolic  functions  in  these  two  species,  it  is  possible  a  more  potent 
anticonvulsant  drug  may  be  formulated. 


SECTION  ON  PHARMACODYNAMICS 

Adenosine  Receptor  Agonists  and  Antagonists 

Structure-Activity  Relationships  for  2-Substituted  Adenosines.  2-Al)cyloxy-, 
2-arvloxy-  and  2-aralkyloxy-adeno8ine8  were  screened  as  inhibitors  of  the  binding 
of  [  H]R-phenyliBopropyladenosine  to  A^-adenosine  receptors  in  rat  cerebral 
cortical  membranes,  and  of  the  binding  of  [  H]N-ethylcarboxamidoadenosine  (NECA) 
to  A^A-adenosine  receptors  in  rat  striatal  membranes  and  as  agonists  at  A2a~ 
adenosine  receptors  coupled  to  adenylate  cyclase  in  rat  pheochromocytoma  PC12 
cell  membranes.  The  activities  are  consonant  with  a  hydrophobic  binding  site  in 
the  A2A-receptors  at  a  distance  from  the  2-poBition  of  the  adenine  ring 
corresponding  to  a  spacer  chain  of  -O-CHj-CHj-.  There  is  little  lateral  steric 
tolerance  in  the  region  occupied  by  the  spacer  chain.  The  affinities  of  the  2- 
substituted  adenosines  for  the  rat  cerebral  cortical  A^  receptors  are  not  as 
markedly  altered  by  structural  changes  and  in  almost  all  cases  are  2-  to  100-fold 
less  than  the  affinity  of  the  2-substituted  adenosine  for  the  rat  striatal  Aj 
receptor.  There  is  an  excellent  correspondence  of  the  present  data  on  rat  A^a 
receptors  with  the  reported  potencies  of  these  2-substituted  adenosines  as 
coronary  vasodilators  in  guinea  pig  heart  preparations. 

Adenosine  Receptors  and  Hunting  Magic.  A  frog  used  for  "hunting  magic"  by 
Amazonian  Indians  is  identified  as  Phyllomedusa  bicolor.  This  frog's  skin 
secretions,  introduced  to  the  body  through  fresh  burns,  are  rich  in  peptides. 
These  include  vasoactive  peptides,  opioid  peptides,  and  a  new  peptide — 
adenoregulin  with  the  following  sequence:  G-L-W-S-K-I-K-E-V-G-K-E-A-A-K-A-A-A-K- 
A-A-G-K-A-A-L-C-A-V-S-E-A-V.  Adenoregulin  enhances  binding  of  agonists  to  A^- 
adenosine  receptors;  it  is  accompanied  by  peptides  that  inhibit  binding. 
Synthetic  adenoregulin  although  identical  in  molecular  %raight  to  natural 
adenoregulin  differs  slightly  in  chromatographic  properties,  suggesting  that  the 
natural  peptide  contains  one  or  store  D-amino  acid  residues.  Synthetic 
adenoregulin  causes  a  1.6-fold  stimulation  of  binding  of  agonists  to  A^ 
receptors.  It  has  no  effect  on  binding  of  antagonists  and  in  the  presence  of 
guanyl  nucleotides  it  is  inhibitory  to  binding.  The  vasoactive  peptide 
sauvagine,  the  opioid  peptides,  and  adenoregulin  and  related  peptides  affect 
behavior  in  mice  and  presumably  contribute  to  the  behavioral  sequelae  observed 
in  humans. 

Chronic  Caffeine  and  Locomotor  Activity  in  Mice.  Chronic  ingestion  of 
caffeine  by  mice  caused  a  marked  reduction  in  locomotor  exploratory  activity. 
At  least  four  days  of  withdrawal  were  required  to  restore  activity  to  normal 
levels.   Stimulatory  effects  of  injected  caffeine  were  lower  in  chronically- 
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treated  mice  and  the  biphaelc  dose-reeponae  (atimulatoxy  follovfed  by  depreesant) 
curve  for  injected  caffeine  was  left-shifted.  Seven  days  of  withdrawal  were 
required  before  the  dose-response  curve  to  caffeine  was  identical  to  that  of 
control  mice.  The  depressant  effects  of  a  potent  xanthine  phosphodiesterase 
inhibitor,  l,3-dipropyl-7-nethylxanthine,  %Mre  blunted  in  caffeine-treated  mice. 
The  depressant  effects  of  A^-  and  A^-selective  adenosine  analogs  %Mre  enhanced 
after  chronic  caffeine.  There  was  little  or  no  effect  of  chronic  caffeine  on  the 
stimulatory  effects  of  dopaminergic  agents  (amphetamine,  cocaine),  while  both 
depressant  and  stimulatory  effects  of  cholinergic  agents  (nicotine,  oxotremorine, 
scopolamine)  were  reduced.  The  results  indicate  that  chronic  caffeine  affects 
functions  of  adenosine  receptors  and  cholinergic  receptors  that  are  related  to 
regulation  of  locooMator  exploratory  activity. 


SECTION  ON  PHARMACODYNAMICS 

Interaction  Between  Second  MessenQers 

Transfection  of  oail  in  HIE  3T3  cells:  coupling  to  prostaglandin  receptors. 

Prostaglandin  F2.  stimulates  phosphoinositide  breakdown  in  NIH  3T3 
fibroblasts.  Such  stimulation  seems  to  be  mediated  by  one  or  more  G  proteins.  The 
possibility  that  the  alpha  subunits  from  the  O^/^^  subfamily  of  heterotrimeric  G 
proteins  might  be  capable  of  coupling  PGP2.  receptors  to  phospholipase  C  was 
explored.  Such  pertussis  toxin  resistant  G  protein  (7  subunits  have  been 
previously  shown  to  stimulate  phospholipase  C-fi  in  vitro.  NIH  3T3  cells 
transfected  with  G.^^  generated  larger  amounts  of  inositol  phosphates  in  response 
to  GTPKS  or  GTP)>'S  +  PGPj.  than  in  control  cells  or  cells  transfected  with  vector 
without  insert.  In  transfected  cells,  the  concentration  of  PGP2(7  recjuired  to 
induce  calcium  mobilisation  was  100  times  lower  than  the  minimal  effective 
concentration  to  induce  calcium  mobilization  than  in  control  or  vector 
transfected  cells.  These  results  suggest  that  G,^^  can  transduce  activating 
signals  to  phospholipase  C  in  NIH  3T3  cells  and  that  a  PGF2(7  receptor  is  capaible 
of  stimulating  phospholipase  C  through  this  G,  subunit. 

Muscarinic  receptor-mediated  tyrosine  phosphorylation  of  phospholipase  C-y. 

In  CHO  cells  transfected  with  mS  muscarinic  receptors,  carbachol  elicits  a 
marked  stimulation  of  phosphoinositide  breakdown  and  a  sustained  elevation  of 
[Ca  ]{,  the  latter  dependent  on  the  presence  of  extracellular  calcium.  The  marine 
toxin  maitotoxin  (MTX)  elicits  similar  responses.  Carbachol-  and  MTX-induced 
sustained  elevations  of  [Ca^])  can  be  inhibited  by  the  proposed  blockers  of 
receptor-operated  calcium  channels,  CAI  (L651582)  and  SKSF  96365.  Both,  carbachol 
and  MTX  induce  a  significant  increase  in  total  protein  tyrosine  phosphorylation, 
as  determined  by  inmunoprecipitation  of  lysates  of  cells  labelled  with 
[  P]orthophosphate.  The  increase  in  tyrosine  phosphorylation  is  dependent  on 
extracellular  calcium  and  can  be  inhibited  by  CAI  and  SK6F  96365.  Among  the 
substrates  subject  to  tyrosine  phosphorylation  after  carbachol  or  MTX, 
phospholipase  C-y  {PhCy)  was  identified  by  combination  of  immunoprecipitation 
with  an  antiphosphotyrosine  antibody  and  subsequent  immunoblot  with  an 
antiphospholipase  C-y  antibody.  Carbachol-induced  (  H] inositol  phosphate 
formation  in  CHO-m5  cells  is  partially  inhibited  by  CAI  and  is  reduced  in  the 
absence  of  extracellular  calcium,  suggesting  that  phosphorylation  of  PLCK  plays 
a  role  in  the  muscarinic  activation  of  phosphoinositide  breakdown.  Such  an  effect 


172 


of  carbachol  ia  r«oiinisc«nt  of  af facta  obaarvad  with  growth  factora  and  rapraaent 
a  novel  alternative  algnaling  pathway  for  a  muacarinic  G  protein  coupled 
receptor. 

Prostaglandin  P2a-aediatad  atiaulatlon  of  phoapbolipaaa  D  in  VXH  3T3  calla. 

Daing  a  tranaphoaphatidylation  aaaay,  \m  have  found  that  PGF2.  atimulates 
phospholipaae  D  (PLO)  activity  in  NIH  3T3  cells.  Prostaglandin  Sj  (P^Bz)  was 
inactive  on  PLO  activity  at  the  concentrationa  tested.  PGP2.  also  stiinulates 
phospholipaae  C  (PLC)  in  theae  cella,  but  the  concentration  of  PGPj.  required  to 
attain  maximal  PLO  atimulation  waa  10  timea  lower  than  that  required  for  maximal 
PLC  activation.  Stauroaporin,  an  inhibitor  of  protein  kinaae  C,  blocka  phorbol 
eater-induced,  but  not  PGF2.-induced  PLO  activation.  The  ouurine  toxin  maitotoxin 
(HTX)  induces  a  strong  stimulation  of  PLC,  but  is  virtually  inactive  on  PLO 
activity  in  NIH  3T3  cells.  These  results  suggest  that  PGF2.  activates  PLO 
activity  through  a  mechanism  independent  from  PLC  activation.  Such  mechanism 
could  involve  a  receptor  coupled  to  PLO  via  guanine  nucleotide  binding  protein. 

Non-Voltage  dependant  L-Typa  Ca'"^  Channel  Operated  by  POE,  in  HXH  3X3  Cells. 

In  NIH  3T3  cella  prostaglandina  can  activate  phoapholipaae  C  activity  by 
interacting  with  a  receptor  coupled  to  a  G  protein.  Such  atimulation  of 
phospholipaae  C  by  PGs  haa  the  following  order  of  potenciea  PGF2.  >  PGD2  >  PGEj 
>  PGI  «  PGEi.  PGEi  is  inactive  in  atimulating  PLQ  activity  in  NIH  3T3  cells. 
PGF2.,  PGE2  and  PGD2  induced  mobilization  of  [Ca  *]{  with  the  aame  order  of 
potenciea  shown  for  PLC  stimulation.  Surprisingly,  PGE^  was  equally  efficacious 
in  inducing  [Ca  ]{  mobilization.  PGF2.-induced  [Ca  *]\  mobilization  showed  two 
components,  an  early  responae  at  15  aec,  which  waa  not  affected  by  removal  of 
extracellular  calcium,  and  a  late  response  at  42  aec,  that  waa  eliminated  in  the 
absence  of  extracellular  calcium.  In  contraat,  PGE^-induced  [Ca  *]i  mobilization 
had  a  aingle  component,  a  peak  at  6  aec,  and  it  waa  completely  eliminated  in  the 
absence  of  extracellular  calcium.  PGE^-induced,  but  not  PGFj.- induced,  increase 
in  [Ca  ]j  was  blocked  by  a  mixture  of  inorganic  calcium  channel  blockera  (0.1  mM 
C0CI2,  0.1  mM  NiCl2  and  0.1  mM  CdCl2)  and  by  the  L-type  calcium  channel  blockers 
nifedipine  (0.1  //M)  and  0-600  (1  JM) .  BAY  K  8644  (1^),  a  dihydrooyridine  that 
activates  L-type  calcium  channela  alao  induced  an  increaae  in  [Ca  ]{  in  these 
cella.  High  concentrationa  of  K  induced  no  change  in  [Ca^]j.  Although  PGE^ 
elicited  the  accumulation  of  cAMP  in  NIH  3T3  cella,  other  agenta  that  elevate 
CAMP,  like  forakolin  or  the  phosphodiesterase  inhibitor  IBMX  did  not  affect 
[Ca  ](.  Furthermore,  PGE^-induced  cAKP  was  observed  even  in  the  absence  of 
extracellular  calcium.  The  results  presented  strongly  suggest  the  presence  of  a 
novel  L-type-like  calcium  channel  in  NIH  ?T3  cells  that  can  be  activated  by  PGE^. 
Such  activation  is  not  a  consequence  of  the  generation  of  the  second  messengers 
cAMP,  or  the  products  of  phospholipaae  C  stimulation. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  BIOORGANIC  CHEMISTRY 
NATIONAL  INSTITUTE  OF  DIABETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 
SECTION  ON  BIOCHIMCAL  MECHANISMS 

IhaDAZOLE-BASED  ANTIMALARIAL  AGENTS 

Plasmodium  falciparum,  one  of  the  four  ■alarla  parasites  which  infect-  nan, 
developed  resistance  to  chloroqulne  and  other  standard  antlBalarials  about  30 
years  ago  in  Xliailand  and  Columbia.  As  the  result  of  its  uncontrolled  spread, 
300  million  people  are  now  believed  to  be  Infected  worldwide  and  2  million  die 
every  year  in  Africa  alone.  To  date,  neither  a  drug  nor  vaccine  has  been  found 
to  combat  this  plague. 

The  organism  has  the  unusual  property  of  inducing  production,  within  an 
invaded  erythrocyte,  of  a  protein  containing  30-701  hlstidine.  The  protein  is 
found  in  dense  knobs  on  the  outer  surface  of  the  erythrocyte  sembrane.  The  high 
hiscldlne  content  would  create  centers  of  very  high  positive  charge;  thus,  the 
knobs  may  be  responsible  for  a  very  strong  adherence  of  the  infected  erythro- 
cyte to  capillary  endothelium,  thereby  sequestering  parasitised  cells  which  would 
normally  be  destroyed  during  passage  through  the  spleen.  Ve  had  Initially  chosen 
2-fluorohlstidlne  for  testing  because  we  had  previously  deaonstrated  that  2-FHIS 
can  partially  replace  hlstidine  in  de  novo  protein  In  both  E.  coll  and  »amnials. 
Furthermore,  the  fluorine  atom  reduces  the  pK  of  the  imidazole  ring  from  its 
normal  value  of  6  to  1.5;  thus,  its  Incorporation  Into  knobs  should  dilute  the 
clusters  of  positive  charge  and  reduce  cytoadherence.  In  cultures  of  Infected 
erythrocytes,  low  concentrations  of  2-FHIS  not  only  do  Inhibit  cytoadherence  but 
also  prevent  maturation  of  the  parasite  and  the  appearance  of  knobs  entirely.  The 
assumption  that  these  strong  antiparasitic  effects  are  due  to  the  Incorporation 
of  2-FHIS  into  the  histidine-rich  protein  proved  unwarranted,  since  the  treated 
parasite  shows  a  rather  low  Incorporation  of  labeled  2-FHIS  but  a  general  decrease 
in  protein  synthesis.  As  one  of  several  hypotheses  for  the  Bechanisa  of  action, 
we  propose  that  2-FHIS  Interferes  with  hlstidine  on  the  outer  cell  surface  as  a 
promoter  of  the  transport  of  other  essential  amino  adds  (especially  Isoleucine) 
into  the  cell.  This  h>-pothe8is  is  supported  by  our  earlier  findings  that  2-FHIS 
inhibits  procein  synthesis  in  cell  and  organ  cultures  but  not  In  cell-free  systems. 
Unfortunately,  the  high  antimalarial  activity  shown  by  2-FHIS  In  vitro  could  not 
be  extended  because  the  compound  proved  lethal  to  owl  nonkeys,  even  at  doses  1/20 
that  of  the  LD^q  for  nice  (250  ng/kg). 

We  then  screened  a  large  number  of  other  ring-substituted  hlstidines previously 
unknown,  but  only  the  2-iodo  analog  (2-IHIS)  showedactivlty  comparable  to  that  of 
2-FHIS.  Neither  4-X-histidines  nor  2,4-dl-X-hlstldines  show  activity,  while 
2-iodohlstamine  is  somewhat  active;  surprisingly,  the  2-chloro  and  2-broBO  analogs 
are  inactive.  Thus,  the  role  of  the  iodine  atom  cannot  be  electronic  but  may  be 
just  the  right  size  to  plug  an  erythrocyte  membrane  channel  involved  in  active  or 
passive  transport  of  a  nutrient  essential  to  the  parasite.  In  contrast  to'^-FHIS, 
2-IHIS  does  not  significantly  retard  protein  synthesis  while  retarding  maturation, 
a  result  supporting  this  mechanism  of  action.  Although  2-IHIS  proved  nontoxic  to 
monkeys,  it  retarded  growth  of  parasite  for  only  24  b.  We  suspected  that  the 
compound  may  be  a  substrate  for  a  maooiallan  delodinase  but,  in  the  course  of  a 
search  for  such  a  delodinase,  found  that  the  iodine  is  rapidly  removed  nonenzym- 
atically  under  physiological  conditions  by  any  sulfhydryl  compound  (cysteine, 
glutathione,  etc.)  present  In  tissue.  This  loss  of  activity  would  not  be  observed 
In  vitro  because  of  the  low  levels  of  sulfhydryl  compounds  present  in  the  culture 
dish.   The  finding  that  the  deiodination  need  not  be  enzyme-mediated  greatly 
reduces  the  possibility  of  stabilizing  the  drug  by  derivatizatlon  of  the  side 
chain,  by  use  of  the  D-histidine  series,  or  by  Introduction  of  a  bulky  alkyl  group. 
Our  hypothesis  for  the  mechanism  predicts  that  N-alkylation  will  not  prevent  or 
even  retard  deiodination,  and  experimental  results  support  this  prediction. 
Deiodination  of  thyroxine  and  its  model  o-iodophenols  is  also  achieved  nonenzym- 
atlcally  with  mercaptans  (thyroxine  deiodinases  contain  SH  or  SeH  in  the  active 
sice),  but  the  mechanism  differs  from  that  of  the  lodohistldine  case  since  alkyl- 
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ation  of  the  phenolic  group  prevents  deiodination. 

The  mechanism  of  deiodination  requires  prior  protonation  of  the  imidazole 
ring;  thus,  2,4-diiodohistidine  is  deiodinated  at  1/10  the  rate  of  2-iodohisti- 
dine,  because  the  second  halogen  reduces  ring  basicity  to  a  significant  degree. 
Unfortunately,  the  second  iodine  also  introduces  extra  bulk  and  this  steric 
baggage  may  be  the  reason  the  diiodo  amino  acid  is  biologically  inactive.  But 
the  same  reduction  in  basicity  can  be  achieved  with  much  smaller  groups,  and 
this  fact  provides  a  lead  for  new  analogs.  4-Trifluoromethylhistidine  has  been 
iodinated  at  C-2,  and  the  trifluoromethyl  group  converted  to  cyano  by  exposure 
to  aqueous  ammonia.  The  cyano  group  is  even  more  electronegative  than  iodine 
and  very  small.  While  histidine  and  its  protected  derivatives  undergo  bromina- 
tion  and  iodination  with  extreme  facility,  chlorination  has  always  proved  almost 
impossible  to  achieve.  We  have  found  that  "carbonylcyclohistidine",  the  bicyclic 
urea  obtained  by  reaction  of  histidine  ester  with  carbonyldilmidazole,  undergoes 
chlorination  very  easily  to  produce  both  the  mono  and  dichloro  derivatives. 
Iodination  of  the  monochloro  derivative,  followed  by  acid  hydrolysis,  provides 
the  desired  4-chloro-2-iodo-L-histidine.   As  expected,  2-iodohistidines  containing 
strong  electronegative  groups  at  C-4  do  not  vmdergo  rapid  deiodination  by  mercaptans, 

Examination  of  space-filling  models  reveals  that  2-iodohistidine  has  a  width 
corresponding  exactly  to  the  diameter  of  the  erythrocyte  membrane  channel,  as 
estimated  from  diffusion  rates  of  small  molecules.   The  same  dimension  can  be 
found  in  metabolically  stable  molecules,  such  as  1-isopropyl-  and  2-isopropyl- 
histidine.   A  program  was  initiated  to  develop  general  synthetic  methods  for  the 
previously  inaccessible  ring-alkylated  histidines.   Several  novel  approaches  have 
proved  successful,  and  extensive  series  of  1-alkyl  and  2-alkylhistidines  are  being 
prepared  for  screening. 

LIGAND-ACTIVATED  AFFINITY  LABELS  (LAAL'S) 

The  three-dimensional  structure  of  a  protein  imposes  considerable  perturba- 
tion on  various  functional  groups  in  its  component  amino  acids.   Van  der  Waals 
forces,  coulombic  and  electrostatic  interactions,  hydrogen  bonding  and  other 
phenomena  serve  to  alter  the  nucleophilic  reactivities  of  Lewis  bases  and  to 
perturb  the  pK  values  of  ionizable  groups  in  both  directions.   Thus,  it  is  known 
that  various  enzymes  contain  amino,  carboxyl,  sulfhydryl  and  phenolic  groups  with 
pK  values  1-4  units  different  from  those  of  the  same  groups  in  the  denatured 
protein  or  in  the  individual  amino  acids.  Such  information  is  available  for  a 
number  of  enzymes,  but  has  not  yet  been  demonstrated  for  receptor  proteins;  since 
abnormal  pK  is  a  consequence  of  the  three-dimensional  protein  structure,  similar 
perturbations  should  also  exist  in  receptor  proteins. 

The  concept  of  the  suicide  substrate  has  proved  very  effective  as  an  approach 
to  selective  inhibition  of  enzymes.  An  analog  of  the  natural  substrate,  which 
lacks  significant  chemical  reactivity,  serves  as  a  pseudosub^.trate  and  is  trans- 
formed by  the  enzyme  into  a  highly  reactive  entity  now  capable  cf  forming  an 
irreversible  covalent  bond  to  the  protein.  Since  a  receptor  was  not  designed  to 
serve  as  an  enzyme,  it  is  not  capable  of  transforming  a  chemically  unreactive 
ligand  or  pseudoligand  into  a  reactive  one.  But  receptor  protein  will  have 
functional  groups  in  the  binding  site  with  abnormal  pK,  and  these  groups  have  the 
potential  of  donating  or  removing  a  proton  from  a  ligand  or  pseudoligand.  The 
first  phase  of  this  project,  therefore,  was  to  invent  or  discover  functional 
groups  which  are  essentially  unreactive,  at  physiological  pH,  toward  the  nucleo- 
philes  found  in  body  fluids;  these  same  groups,  however,  miist  become  highly  reactive 
as  the  result  of  a  proton  transfer  at  some  pH  modestly  different  from  7.4.   If 
such  a  functional  group  is  incorporated  into  a  receptor  ligand  and  selective 
binding  capacity  can  be  retained,  proton  transfer  should  activate  the  ligand  and 
lead  to  irreversible  blocking  of  the  receptor  site.   This  process  would  rot  only 
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assist  in  identification  and  isolation  of  the  receptor,  but  may  also  have  far- 
reaching  clinical  implications.   Our  studies  with  analogs  of  peptide  hormones 
have  shown  that  introduction  of  such  functional  groups  results  not  only  in 
retention  of  binding  capacity  but  in  an  increase  in  selectivity  for  multiple 
receptor  systems. 

The  first  functional  groups  found  to  meet  these  requirements  were  2-fluoro- 
and  2-nitroimidazoles;  however,  the  increase  in  chemical  reactivity  resulting 
from  gain  of  a  proton  proved  insufficient  for  rapid  attachment  to  protein.   As 
a  result  of  studies  on  mechanisms  of  activation  and  electronic  substituent  effects, 
we  have  learned  which  modifications  are  necessary  to  achieve  adequate  reactivity 
and  the  necessary  synthetic  procedures  are  being  devised.  We  have  used  similar 
analyses  of  mechanism  and  subrtituent  effect  to  enhance  (or  moderate)  the  react- 
ivities of  the  cyano,  trifluoromethyl,  perfluoroalkyl  and  orthoester  functions. 
Efforts  in  progress  Involve  the  incorporation  of  such  groups  Into  peptide  and 
nonpeptide  hormones,  therapeutic  drugs,  neurotransmitters  and  nucleosides. 
Especially  critical  is  the  developirent  of  routes  to  radiolabelled  materials  so 
that  binding  studies  can  be  initiated. 

CHEMISTRY  AND  BIOLOGY  OF  NOVEL  PYRDCLDINE  AND  PUPJNE  NUCLEOSIDES 

Despite  the  countless  number  of  Modifications  of  pyrlmldlnes  and  purines  which 
have  been  explored  In  the  search  for  clinically  effective  and  acceptable  anticancer 
and  antiviral  agents,  very  few  have  achieved  the  conditions  required  for  safe  test- 
ing In  humans.  We  have  undertaken  approaches  not  yet  considered  by  others,  in  that 
the  unique  physical  and  chemical  properties  of  the  fluorine  atom  are  used  In  key 
roles. 

Uracil  condenses  specifically  %rlth  trlfluoroacetaldehyde  and  hexafluoroacetone 
at  C-5  to  form  derivatives  containing  perfluoro  alcohols  at  this  critical  position. 
Uracil  also  reacts  specifically  with  bls(perfluoroalkanoyl)peroxlde8  under  radical 
conditions  to  give  perfluoroalkyl  derivatives  at  the  same  position.  The  latter 
compounds  lose  two  fluorine  atoms  readily  at  pH  8-9  to  form  perfluoroalkyl  ketones, 
which  exist  preferentially  as  their  hydrates  or  tetrahedral  nudeophlllc  adducts. 
Since  the  half-life  for  loss  of  fluorine  Is  ca.  20  mln.  at  pH  8,  these  compounds 
are  potential  Irreversible  affinity  labels  for  pyrlmldlne  recognition  sites  In  vivo. 
Under  the  sane  reaction  conditions,  the  perfluoroalkylpyrlmldlnes  are  3-5  times  as 
reactive  as  trifluoromethylpyrlnldlnes,  whose  strong  antiviral  properties  have  been 
thoroughly  demonstrated.  The  same  radical  perfluoroalkylatlon  can  be  achieved  with 
uridines.  Although  the  carbon-fluorine  bond  is  significantly  more  stable  In  the 
nucleoside  series,  conversion  to  ketones  can  also  be  achieved  In  basic  media, 
particularly  with  sulfhydryl  catalysis.  These  ketones  are  reducible  to  secondary 
perfluoro  alcohols  with  sodium  borohydrlde.  The  inductive  effects  of  multiple 
fluorine  atoms  renders  the  alcohols  highly  acidic  and  readily  capable  of  forming 
strong  Internal  hydrogen  bonds  with  a  carbonyl  or  amino  group  at  C-4.  We  anticipate 
that  such  hydrogen  bonding  will  interfere  with  the  intemolecular  hydrogen  bonding 
needed  for  effective  base  pairing  in  polynuclear  strands  and,  thus,  expect  that  such 
compounds  may  block  cell  division  and  may  act  as  antiviral  and  anticancer  agents. 
Furthermore,  hydrogen  bonding  to  this  position  in  purines  and  pyrlaldlnes  has  been 
found  essential  for  the  action  of  PRFP  synthetase.  By  Increasing  the  length  of  the 
perfluoroalkyl  chain,  llpophllicity  can  be  correspondingly  increased  to  meet  the 
needs  for  effective  transport  across  membranes.  The  nucleophlle  at  C-4  in  uridine 
or  cytidlne  is  also  capable  of  displacing  a  fluorine  atom  adjacent  to  the  ketone  to 
form  novel  blcycllc  pyrlmldlne  nucleosides.  All  of  these  compounds  also  have  the 
potential  of  acting  as  inhibitors  of  cytidlne  deaminase.   Biological  evaluations  of 
the  compounds  are  in  progress. 
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Analogous  perfluoroalkyl  groups  have  been  introduced  into  purines,  primarily 
at  C-8;  these  compounds  provide  an  additional  series  of  "preaffinity  labels". 
Our  earlier  studies  en  the  chemistry  of  perfluoroalkylimidazoles  indicated  that 
such  a  group  at  C-8  of  a  purine  should  undergo  loss  of  fluorine  under  physiolo- 
gical conditions  and  provide,  in  vivo,  a  very  reactive  functional  group  capable 
of  bonding  to  a  protein  or  nucleic  acid  nucleophile.   Current  efforts  involve 
the  attachment  of  dideoxyribose  moieties  to  these  purine  analogues. 

A  major  portion  of  the  chemistry  Involved  in  this  project  has  been  performed 
under  the  GIRIN-NIDDK  Joint  Research  Program,  sponsored  and  supported  by  the 
Ministry  of  Industry  and  Technology  of  Japan,  but  with  planning  and  direction 
provided  through  the  Section  on  Biochemical  Mechanisms,  LBC. 

BIOINDOLES  AND  OXINDOLES  AS  MEDICINAL  AND  XIAGNOSTIC  AGENTS 

Radiolodinated  melatonin  (N-acetyl-S-methoxytryptamine)  has  been  in  use  for 
some  years  as  a  tool  in  radioimmune  assay.   The  iodination  by  ICl  occurs  at  C-2 
in  very  poor  yield  and  produces  a  variety  of  other  products,  necessitating  elabo- 
rate purification  by  HPLC.   Since  we  had  previously  achieved  tht  syntheses  of 
2-chloro-  and  2-bromotryptophan  in  very  good  yield,  we  undertook  a  reexamination 
of  the  iodination  problem.   Initial  efforts  to  achieve  iodination  of  N-acetyl- 
tryptophan  methyl  ester  were  very  disappointing.   Far  better  results  were 
obtained  with  the  N-trif luoroacetyl  derivative  (65%)  and  further  study  showed 
that  the  introduction  of  all  three  halogens  could  be  readily  achieved  without  the 
need  for  the  radical  generators  used  in  our  earlier  work. 

This  dependence  on  the  nature  of  the  acyl  protecting  group  on  the  side  chain 
proved  quite  surprising,  and  our  surprise  was  reenforced  by  the  finding  that  the 
t-BOC  protecting  group  also  produced  low  yields.   It  appeared  that  effective 
halogenation  depends  on  the  degree  of  acidity  of  the  acylamino  NH  group,  with 
trifluoroacetylamino  being  the  most  acidic  of  the  series.   Thus,  we  adopted  the 
hypothesis  that  positive  halogen  first  converts  a-NH  to  a-NX  and  that  X  then 
transfers  intramolecularly  to  add  to  the  2,3-double  bond  of  the  pyrrole  ring. 
The  resulting  halonium  species  then  collapses  to  an  intermediate  with  halogen  at 
C-2  and  a  carbocation  at  C-3,  and  the  pyrrole  is  regenerated  by  El  elimination 
of  a  proton  at  C-2.   This  hypothesis,  however,  failed  to  explain  the  fact  that 
3-methylindole  undergoes  facile  halogenation  at  C-2  under  the  same  conditions, 
without  the  benefit  of  intramolecular  transfer.   Thus,  it  appeared  that  direct 
formation  of  the  halonium  intermediate  could  occur  with  3-methylindole  but  not 
with  the  tryptophan  derivative.   This  difference  can  be  rationalized  by  the 
realization  that  the  halonium  intermediate,  in  the  case  of  3-me.thylindole, 
collapses  quickly  to  the  2-halocarbocation  because  the  methyl  group  at  C-3  is 
very  effective  in  stabilizing  a  +  charge  by  hyperconjugation.   On  the  other 
hand,  the  amino  acid  side  chain  contains  electronegative  ester  and  acylamino 
functions,  and  is  significantly  weaker  than  methyl  in  stabilizing  a  carbocation. 
As  a  result,  the  iodonium  intermediate  of  tryptophan  tends  to  dissociate  back  to 
starting  materials  in  preference  to  forming  the  iodoindole.   Only  by  efficient 
intramolecular  transfer  can  deiodination  be  retarded  sufficiently  to  lead  to 
product.   Indeed,  the  N-halogenated  species  could  be  detected  on  TLC  plates  as 
an  unstable  intermediate.   Finally,  iodination  of  the  N-phthaloyl  derivative,  in 
which  a  side-chain  NH  is  totally  lacking,  gave  a  very  poor  yield  of  lodo  product, 
showing  that  direct  iodination  of  the  pyrrole  can  occur  without  assistance  but 
with  considerable  difficulty. 

It  now  became  obvious  that  replacement  of  the  N-acetyl  group  of  melatonin  by 
N-trif luoroacetyl  should  improve  the  iodination  yield  considerably,  and  this 
alternative  is  now  being  explored.   To  our  surprise,  the  N-trifluoroacetyl 
analog  had  never  been  prepared  and  its  biological  activity,  therefore,  is  not 
known.   The  compound  will  soon  be  evaluated  for  comparison  in  activity  to  the 
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natural  N-acetyl  derivative.  N-trlfluoroacetylserotonin  is  also  being  prepared 
for  parallel  studies. 

Several  years  ago,  we  made  a  concerted  effort  to  obtain  2-fluoroindoles  by 
halogen  exchange  with  2-broinoindoles,  but  were  unsuccessful.   Direct  fluorina- 
tion  by  use  of  new  fluorinating  agents  have  now  been  surprisingly  successful 
and  such  novel  compounds  are  anticipated  to  find  application  as  affinity  labels, 
analogs  of  peptide  hormones  and  PET  scanning  reagents. 

Efforts  to  retard  and  ameliorate  late-onset  diabetic  complications  have  been 
directed  toward  reversible  and/or  Irreversible  inhibition  of  the  enzyme,  aldose 
reductase.   These  complications  affect  the  eye  (cataracts),  kidney,  nervous 
system  and  circulation;  they  are  thought  to  result  from  the  hyperosmotic  effects 
of  abnormally  high  intracellular  concentrations  of  sorbitol,  in  turn  resulting 
from  the  reduction  of  excess  glucose  symptomatic  of  diabetes.  Aldose  reductase 
is  the  enzyme  responsible  for  sorbitol  formation. 

Our  studies  on  the  synthesis  of  inhibitors  of  tryptophan-metabolizlng 
enzxines  have  produced  oxindole  derivatives  which  are  somewhat  analogous  in  ever- 
all  geometry  to  certain  commercial  compounds  which  had  reached  advanced  clinical 
trials  as  aldose  reductase  inhibitors.   In  vitro  assays  have  revealed  that,  while 
these  oxindole  derivatives  (lactones)  are  not  significantly  active,  their  hydro- 
lysis products  are  as  potent  as  any  others  thus  far  developed.   Although  these 
chiral  compounds  are  not  amino  acids,  we  have  succeeded  in  using  chymotrypsin  to 
achieve  their  resolution  by  selective  ester  hydrolysis.   Assignment  of  stereo- 
chemistr)'  has  been  achieved  through  x-ray  crystallography  and  through  the  novel 
approach  of  destroying  the  known  chiral  center  while  retaining  the  unassigned 
center  in  a  diastereoisomer.   The  introduction  of  certain  substituents  on  the 
benzene  ring  of  the  oxindole  has  been  found  to  increase  Inhibitor  activity 
several  fold.   Additional  analogues  have  been  prepared  which  have  been  found  to 
serve  a?  irreversible  affinity  snd  photoaf flnity  labels  for  the  enzyme.   Current 
efforts  are  being  devoted  to  improvements  in  yield,  in  resolution  and  in  enhance- 
ment in  lipophilicity,  with  the  goal  of  achieving  more  effective  penetration  and 
transport  to  the  sites  of  action  in  vivo.   Still  another  new  direction  involves 
the  replacement  of  oxygen  by  sulfur  in  the  oxindole  portion,  in  order  to 
encourage  the  formation  of  a  trigonal  carbon  at  C-3.   Thus,  we  hope  to  learn  more 
about  structure-activity  requirements  from  these  analoguer.   Since  our  inhibitor 
series  is  significantly  different  in  structure  and  in  functional  groups  from 
those  which  had  reached  clinical  trials,  we  have  strong  hope  that  this  series 
will  not  elicit  the  serious  side  effects  which  ultimately  had  caused  many  of  the 
commercial  candidates  to  be  abandoned. 

SIGKIFICANCE  OF  LIGAND  TAUTOMERISM  DJ  BIORECOGNUION 

A  large  variety  of  metabolically  Important  Bolecules  exist  as  pairs  of  tauto- 
mers,  in  which  the  major  tautomer  (tantotautomer)  Is  so  favored  energetically  over 
the  minor  tautomer  (tenutautomer)  that  the  latter  species  cannot  even  be  detected  in 
the  equilibrium  mixture  by  any  available  spectroscopic  aeans.  Nevertheless,  necha- 
nistic  studies  have  revealed  that  the  tenutautomer  Is  very  often  the  "true"  reactant 
in  various  chemical  transformations.  We  have  proposed  that  the  sane  phenomenon  may 
exist  in  biological  systems,  namely,  that  the  tenutautoners  of  various  netabolites 
(Scheme  I)  may  be  the  "true"  ligar.ds  for  some  enzymes  and  receptors.  This  theory 
provides  a  new  pathway  for  substrate  activation;  It  also  leads  to  the  critical  con- 
sequence that  potential  inhibitors  and  antagonists  should  be  designed  as  anelogues 
of  the  tenutautomers,  rather  than  the  common  practice  of  mimicking  the  tantotauto- 
mers.   Since  it  is  still  impossible  to  examine  the  detailed  structure  of  a  substrate 
or  ligand  within  a  binding  site,  arguments  for  the  tenutautomer  hypothesis  must  be 
based  on  evidence  and  inference  from  the  behavior  of  stable  analogues  of  the  tenu- 
tautomer. 
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This  approach  was  highly  succefsful  and  convincing  in  the  case  of  tryptophan. 
We  found  that  stable  analogues  of  the  indolenlne  tautomer  of  L-tryptophan  with  a 
tetrahedral  carbon  at  C-3— e.g.,  2,3-dlhydro-L-tryptophan  (B),  oxlndolyl-L-alanine 
(C,  X  =  H)  and  dioxindolyl-L-alanine  (C,  X  -  OH) — are  potent  competitive  inhibitors 
of  tr>ptophan  synthase  and  tryptophanase,  enzymes  involved  In  the  biosynthesis  and 
degradation  of  tryptophan.  Furthermore,  the  two  enzymes  show  ••mirror-image"  speci- 
ficity, in  that  the  3R  diastereolsomer  of  each  analogue  Inhibits  only  tryptophanase 
while  the  3S  diastereoisomer  inhibits  only  tryptophan  synthase.  The  diastereolso- 
mers  of  3-azido-oxindolyl-L-alanine  hzve  also  been  prepared,  as  potential  photoaffi- 
nity  labels  for  these  enzymes.  A  logical  extension  of  this  series  Involves  the  syn- 
thesis of  tetrahedral  analogues  of  the  5-hydroxy  and  5-nethoxy  derivatives  of  bio- 
indoles,  currently  in  progress.  Additional  analogues  are  being  designed  and  syn- 
thesized as  potential  affinity  labels  for  other  blolndole  enzynr.s  and  receptors. 
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SCHEME  I 

Some  years  ago,  we  discovered  a  synthetic  route  to  the  p-hydroxydienone  analog 
of  tyrosine-  by  electrolytic  oxidation  (D,  X  «  OH).   Unfortunately,  this  compound  is 
rather  unstable  and  we  have  been  exploring  routes  to  more  stable  systems  (D,  X  = 
OMe,  CN,  N3,  OAc,  alkyl,  etc).   Several  of  these  stable  dienones  have  now  been 
synthesized  and  will  soon  be  tested  as  inhibitors  of  tyrosine  phenol-lyase.   Even 
more  important  tests  and  applications  of  the  principle  involve  the  synthesis  and 
evaluation  of  dienone  analogues  of  catecholamines  and  dihydroxyphenylalanine;  the 
synthesis  of  such  analogues  presents  a  novel  and  unprecedented  challenge.   Studies 
have  also  been  initiated  to  explore  the  synthesis  of  CH-tautomers  of  histidine  and 
histamine,  for  which  we  have  already  established  a  role  in  test-tube  reactions  and 
which  we  believe  to  be  the  true  substrates  in  certain  enzymatic  processes.  Recent 
results  with  histidine-ammonia  lyase  confirm  our  proposal  for  the  involvement  of 
a  histidine  CH-tautomer  as  the  "true"  substrate  for  this  enzyme. 
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F^UORINATED  ANALOGUES  OF  BIOACTIVE  PEPTIDES 

Fluorinated  analogues  of  a  wide  range  of  structurally  different  classer  of 
organic  compounds  have  been  prepared  and  many  of  these  have  proven  to  be  important 
pharmacological  and  medicinal  agents.   The  advantages  of  fluorine  substitution  arise 
from  the  small  van  der  Waals  radius  of  fluorine  (1.35  A).  As  «  result,  fluorine 
bonded  to  a  trigonal  carbon  is  used  effectively  as  a  C-H  replacement.   Furthermore , 
because  of  similar  aliphatic  C-F  and  C-0  bond  lengths  (1.39  and  1.43  A,  respective- 
ly) and  because  fluorine  has  some  ability  to  participate  In  hydrogen  bonding,  the 
halogen  bonded  to  a  tetrahedral  carbon  has  been  used  frequently  as  an  OH  surrogate, 
particularly  in  carbohydrate  research  and  in  nucleoside  analogues.  These  sterlc 
sioilarities  allow  fluorinated  compounds  to  mlalc  their  nonfluorinated  parents  with 
respect  to  recognition  by  various  biological  macromolecular  systems  such  as  enzymes, 
transport  proteins  and  receptors.  On  the  other  hand,  the  high  electronegativity  of 
fluorine  (4.0)  can  drastically  alter  electron  density  distribution  in  the  molecule 
which,  in  turn,  affects  pK  values  in  neighboring  functional  groups  and  nclecular 
dipole  moments.  All  these  altered  physicochemical  properties  of  the  aolecule,  as  a 
result  of  fluorine  substitution,  can  result  In  drastically  modified  biological  prop- 
erties such  as  potency,  transport  and  receptor  selectivity.  Furthermore,  recent 
advances  in  19-F  N>IR  and  electron  energy-loss  spectroscopic  techniques,  and  18-F 
positron-emission  tomography  (18-F  PET),  have  increased  the  significance  and  appli- 
cation of  fluorinated  molecules  as  biological  markers  and  diagnostic  agerts. 

Although  many  methods  have  been  developed  for  fast  and  efficient  incorporation 
of  18-F  and  19-F  into  various  compounds  of  mrdicinal  importance,  such  methods  have 
not  been  generally  practical  for  incorporation  into  peptides.  We  have  now  developed 
a  method  for  fast,  efficient  introduction  of  fluorine  reglospeclf Ically  into  the 
phenolic  ring  of  tyroslne-contalning  peptides  by  use  of  the  electrophlllc  fluorinat- 
ing  agent,  acetyl  hypofluorite  (AcOF).  We  have  used  this  method  for  fluorinating 
u-selective  opioid  peptides.   In  vitro  bioassays  and  receptor-binding  assays  have 
revealed  that  these  fluoro  peptides  retain  their  high  receptor  selectivity.   Thus, 
we  have  been  able  to  develop  a  very  w-selective  fluoropeptlde  [Tyr(3-F)-D-Arg-Phe- 
Lys-NH2],  which  is  already  in  use  as  a  research  tool  to  probe  the  complex  opioid 
receptor  system.   This  unique  method  of  fluorination  also  permits  the  facile  incorp- 
oration of  radioactive  fluorine  into  peptides  and  other  biological  materials. 

By  use  of  a  different  fluorinating  agent,  N-fluoropyrldinium  triflate,  fluo- 
rination at  the  C-2  position  of  tryptophan  has  been  achieved.   Extension  of  this 
method  to  tryptophan-containing  peptides  is  in  progress.   Studies  are  under  way  to 
determine  whether  different  fluorinating  agents,  by  virtue  of  differences  in 
reaction  mechanism,  can  achieve  selective  fluorination  of  different  amino  acids. 

NOVEL  AMINO  ACIDS  FOR  CONFORMATIONAL  AND  STEREOCHEMICAL  CONSTRAINTS  IN  PEPTIDES 

Introduction  of  conformational  constraints  in  peptides  Is  a  very  useful  means 
to  probe  peptide-receptor  interactions  and  to  enhance  their  potencies  and/or  select- 
ivity. While  local  conformational  restraints  can  be  Imposed  by  incorporation  of 
unsaturated  or  mall  ring  amino  acids,  side  chain-side  chain  cydiration  to  form 
cyclic  analogues  has  been  found  to  be  one  of  the  most  useful  approaches  for  the 
introduction  of  more  general  conformational  constraints;  e.g.,  a  disulfide  bond 
between  Cys  or  Pen  residues,  or  an  amide  bond  between  side  chains  of  amino  and 
carboxy  trif unctional  amino  acids.  The  13-membered  cyclic  peptide,  H-Tyr-D-Orn- 
Phe-Asp-NH2  (cyc-Om-Asp) ,  is  .a  potent  w-selective  opioid  peptide.  Molecular  model- 
ing of  this  peptide  has  revealed  considerable  flexibility  in  the  ring  structure, 
making  it  difficult  to  identify  a  single  conformation  which  may  be  biologically 
relevant.   In  order  to  restrict  further  the  conformational  mobility  in  such  peptides, 
we  have  designed  and  synthesized  a  novel  trlfunctional  amino  acid  based  on  pyrroli- 
dine (PDA).   This  amino  acid,  if  used  in  place  of  Om  or  Lys  for  slde-chaln-side 
chain  cyclization,  is  expected  to  reduce  considerably  the  conformational  flexibility 
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in  the  macrocyclic  ring  of  these  peptides  owing  to  the  introduction  of  a  bicyclic   ^ 
structure.   Moreover,  tae  additional  asymmetric  center  in  the  pyrrolidine  ring  may 
introduce  differential  stereochemical  constraints  to  the  binding  of  diastereoiso- 
meric  peptides,  derived  from  the  corresponding  diastereoisomeric  PDA's.   Thus, 
these  peptides  may  act  as  probes  for  delineating  the  stereochemical  topology  of 
the  receptor  in  the  vicinity  of  the  ring  structure  and  may  have  useful  biological 
properties  and  applications.   Synthesis  in  the  2-pyrrolidinealanine  series  had 
teen  completed  last  year  and  parallel  efforts  in  the  3-pyrrolidlnealanine  series 
are  almost  finished. 

Optically  active  amino  acids  are  being  used  increasingly  as  synthons  for  the 
preparation  of  a  variety  of  chiral  compounds.  PDA's  can  be  expected  to  be 
excellent  synthons  for  compounds  such  as  pyrrolizidines  with  the  stereochemistry 
already  defined  at  two  centers.   Furthermore,  these  amino  acids  itay  possess 
antibacterial  or  other  antimetabolic  activities.  An  efficient  method  for  the 
synthesis  of  all  four  optically  active  stereoisomers  of  2-PDA  has  been  developed. 
These  amino  acids  will  be  used  for  the  preparation  of  novel  bicyclic  opioid 
peptide  analogues. 

ANALOGUES  OF  THYROTROP IN-RELEASING  HORMONE 

In  addition  to  governing  the  release  of  thyrotropin  and  prolactin  from  the 
pituitary,  TRH  (L-pyroglutamyl-L-histidinyl-L-prollneamide)  Is  known  to  exert  a  wide 
variety  of  effects  on  both  the  central  nervous  sytem  (CNS)  and  the  cardiovascular 
system  (CVS).   TRH  has  shown  promise  In  the  treatment  of  circulatory  shock  and/or 
CNS  ischemic  damage,  as  a  promoter  of  Che  regeneration  of  injured  spinal  cord,  as  an 
antidepressant  and  in  the  anelloration  of  symptoms  associated  vlth  anylotrophic     d 
lateral  sclerosis  (ALS).   However,  the  great  variety  of  Its  biological  effects  pre-  ™ 
seats  a  serious  drawback  to  its  use  as  a  drug  for  specific  purposes.   Our  early 
studies  with  synthetic  analogues  of  TRH  (involving  modification  of  the  Imidazole 
ring  of  histidine)  had  suggested  that  some  of  the  central  actions  of  TRH  are  not 
mediated  through  the  recognized  high  affinity  TRH  receptors  and  that  appropriate 
analogues  ir^y  achieve  the  long  sought  specificities  of  action. 

Receptor  binding  studies  with  some  of  our  new  analogues  have  made  It  clear  that 
endocrine  and  various  centrally  mediated  actions  of  TRH  Involve  uniquely  different 
mechanisms  and  that,  after  several  decades  of  effort  in  various  laboratories,  the 
separation  of  these  activities  has  been  achieved.  Thus,  4(5)-N02-InJ-TRH  Is  highly 
selective  for  CVS  activity,  and  may  be  tiseful  in  the  treatment  of  various  forms  of 
shock  without  any  endocrine  effects.  On  the  other  hand,  Nva^-TRH  is  a  selective 
analeptic  agent  without  effect  on  the  cardiovascular  system;  this  analogue  has 
served  as  a  research  tool  for  delineation  of  those  binding  sites  in  rat  brain  which 
may  mediate  the  analeptic  effects  of  TRH  and  its  analogues.  Coinputer-assisted 
structure-activity  analysis  of  a  large  nuaber  of  iDldazole-substituted  analogues 
has  helped  us  design  more  selective  and  potent  analogues,  as  well  as  photoaf flnity 
labels  for  TRH  receptors.  Thus,  our  predictions  cf  the  vital  role  of  inidazole-NH 
tautomer  preference  in  determining  aelectivlty  In  binding  by  brain  receptors  has 
been  validated  by  the  demonstration  that  l-Me-S-MO.-lD-TRH  binds  ca.  3000  times  as 
tightly  as  1-Me-A-N02-Im-TRH.  Recently,  we  have  carried  out  receptor-binding  ana- 
lysis of  various  TRH  analogues  with  subtle  backbone  nodifications  (replacement  of 
the  peptide  amide  with  a  thioamide  surrogate);  these  studies  have  allowed  us  to 
identify  subtle  differences  ip  the  high  affinity  TRH  receptors  In  rat  pituitary  and 
brain.   Current  efforts  are  devoted  to  the  synthesis  and  evaluation  of  analogues  of 
TRH  designed  to  meet  the  requirements  of  our  new  concept  of  "receptor-activated 
affinity  labels"  (RAAL's).   Ideally,  such  a  compound  would  block  a  receptor  site 
selectively  and  indefinitely  under  condltioBS  of  clinical  use. 
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Analogues  of  TRH  in  which  hlstldine  has  been  replaced  by  2-pyrrolcalanine 
or  by  3-pyrrolealanine  have  now  been  synthesized.   These  analogues  are  expected 
to  confirm  our  hypothesis  that  the  multiple  TRH  brain  receptors  fall  into  two 
classes,  each  binding  a  different  tautomer  of  TRH.   Thius,  we  expect  that  the 
pyrrole  peptides,  a?  stable  analogues  of  the  respective  TRH  tautomers,  will  each 
exhibit  one  or  more  of  the  separate  activities  of  TRH. 

Two  TRH  analogues— 4-N0--Im- TRH  and  Z.A-Ij-Im-TRH— have  been  found  to 
improve  behavioral  recovery  tollowing  traumatic  brain  injury  in  rats.   Because 
A-NO  -Im-TRH  has  little  endocrine  activity  and  2,4-l2-Im-TRH  has  minimal  cardio- 
vascular effect,  these  results  support  the  hypothesis  that  the  neuroprotective 
actions  of  TRH  and  its  analogues  are  independent  of  their  endocrine  or  auto- 
nomic activities. 

Analogs  of  TRH  have  been  prepared  which  contain  thioamide  moieties  in  the 
pyroglutamic  acid  ring,  the  carboxyamide  proline  terminus,  and  in  both  positions. 
The  monothioamide  analogues  are  comparable  to  TRH  in  their  ability  to  release 
TSH  in  vitro  or  in  vivo.   The'  second  analogue  shows  a  higher  affinity  for 
pituitary  receptors  than  TRH  itself,  while  the  former  analogue  had  lower  affinity 
and  reduced  selectivity.   Thus,  the  subtle  exchange  of  sulfur  for  oxygen  can 
have  a  significant  impact  on  both  receptor  selectivity  and  affinity  for  a 
bioactive  peptide. 

CKFMISTRY  OF  IMIDAZOLES  AND  BI0IMIDA20LES 

Perfluoroalkylimidazoles  have  attracted  considerable  Interest  because  of  their 
utility  in  providing  lipophilic  sites  In  nediclnal  agents  and  because  of  their  pot- 
ential use  as  "receptor-activated  affinity  labels"  (RAAL's)  for  Irreversible  block- 
ing of  receptors  in  chemotherapy.   The  simplest  and  aost  general  methods  for  per- 
il uoroalkylation  of  all  heterocyclic  rings  have  been  developed  In  this  laboratory 
and  are  based  on  the  photochemical  generation  of  per£luoroalkyl  radicals.  Photo- 
chemical perf luoroalkylation  of  imidazoles  leads  to  mixtures  of  2-  and  4-lsomers 
while  the  reaction  with  pyrroles  occurs  only  at  C-2.  The  practicality  of  the  method 
for  complex  substrates  has  been  demonstrated  by  the  facile  trlfluoroaethylatlon  of 
hlstidine  in  peptides  (e.g.,  TRH),  followed  by  EPLC  separation  of  the  Isomers. 
Exposure  of  the  trifluoromethyl  derivatives  of  TRH  to  aqueous  aomonia  leads  to  their 
conversion  to  the  corresponding  cyano  derivatives.  All  of  these  derivatives  show 
very  selective  binding  to  low  affinity  TRH  receptor  sites  in  the  brain.  We  have  now 
developed  a  procedure  for  regiospecif ic  substitution  by  blocking  all  undeslred  sites 
with  the  methylthio  group,  which  is  subsequently  removed  with  Raney  nickel.  Thus, 
3-prrfIuoroalkylpyrroles  have  been  i&ade  for  the  first  time.  Perfluoroalkylimidazoles 
have  been  found  to  undergo  facile  nitration  and  halogenatlon  without  destruction; 
therefore,  methods  are  now  available  to  prepare  photosensitive  Uganda  (azido, 
diazo)  and  ligands  labeled  with  radiolodlne.  Ve  have  also  aynthesized  pentafluoro- 
ethylhistldine  and  histamine  Isomers  by  photochemical  radical  substitution.  These 
compounds  are  converted  by  base  Into  the  corresponding  trlfluoroacetyl  derivatives, 
which  have  such  reactive  carbonyl  groups  that  they  nay  aerve  as  affinity  labels  for 
b-foiaidazole-binding  sites.   Upon  treatment  with  methanolic  base,  the  trifluoromethyl 
analogs  can  be  converted  Into  t rime thoxyne thy 1  and  the  pentafluoroethyl  derivatives 
into  ketals.  These  ortho  f unctlonalltlea  are  also  of  Interest  as  potential  covalent 
affinity  labels. 

Over  the  past  16  years,  we  have  found  consistently  that  2-X-biolmidazoles 
(especially  X  -  fluoro  and  iodo)  have  a  broad  range  of  strong  biological  activities 
bjt  the  corresponding  4-X-biolmldazoles  are  eesentially  inactive.  We  now  believe 
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that  2-X-blolmidazoles  are  recognized  and  bound  ro  receptors  because  they  have  the 
saine  NH-tautomer  preference  as  natural  bloimldazoles,  while  the  4-X  series  prefer 
the  unnatural  tautoner.  While  A-X-bloimidazoles  are  readily  accessible  by  direct 
electrophilic  substitution,  2-X-biolBldazoles  can  be  obtained  only  by  indirect  and, 
often,  very  tortuous  routes.  Prior  to  our  aajor  efforts  in  this  area,  the  majority 
of  2-X-bioimldazoles  were  totally  unknown.  The  numerous  methods  available  for 
simple  imidazoles  are  not  applicable  to  blolmldazoles,  because  the  additional 
functional  groups  cannot  be  adequately  protected  and  because  chirallty  ahould  be 
preserved.  Thus,  nondassical  methods  (e.g.,  photoradical  substitution,  electro- 
chemistry, B-12  catalysis,  cobalt  oxygen  carriers,  one-electron  reduction,  ainglct 
oxygen  oxidation)  have  been  developed  to  fit  these  gaps.  The  past  year  has  seen  the 
discovery  of  three  major  new  synthetic  methods:  (1)  the  totally  specific  electro- 
philic dehalogenation  of  2,4-dihalolmldazole8  to  give  2-haloifflidazole6,  thus  making 
2-iodohlstidine  very  easily  available  for  antimalarial  studies;  (2)  the  use  of 
transient  ylid-carbenes  to  provide  a  rout*  to  2-X-lBLldazoles  not  otherwise  access- 
ible; (3)  the  discovery  that  2-affllnolmldazole8  are  readily  oxidized  to  2-nitroimld- 
azoles  by  singlet  oxygen,  thus  providing  Inexpensive  routes  to  new  radiosensltizcrs 
and  selective  cytotoxic  agents  for  cancer  chemotherapy. 

We  have  now  demonrtrated  that  2-nitroimidazoles  are  far  more  chemically 
reactive  than  supposed,  and  that  loss  of  the  nitro  group  follows  both  ionic  and 
radical  pathways.   These  results  provide  the  first  support  for  our  theory  that 
2-nitroiniida2oles  act  as  radiosensitizers  and  cytotoxic  agents  by  affinity 
alkylation  with  imidazole  radicals,  and  not  by  the  generally  assumed  reduction 
of  the  nitro  group  to  the  hydroxylamine  stage. 

Our  studies  on  the  chemical  reactions  of  cyclic  urea  derivatives  of  histi- 
dine  and  histamine  have  opened  entirely  new  directions  in  achieving  regiospecific 
substitution  in  bioimidazoles.   Parallel  studies  are  under  way  with  cyclic 
sulfones  of  these  imidazoles  and  appear  likely  to  provide  extremely  useful 
protection  for  histidine  in  peptide  synthesis. 

STERIOPOPl-LATION  CONTROL  IN  DRUG  DELIVERY  AND  ENZYME  SIMULATION 

Enz>TDes  accelerate  organic  chemical  reactions  by  10-20  powers  of  ten  over  their 
closest  test-tube  counterparts.  For  example,  at  pH  7  and  ambient  temperature,  the 
half  tine  for  conversion  of  adenosine  to  inosine  by  adenosine  deaminase  is  1.9  nsec; 
in  the  absence  of  enzyme,  the  same  reaction  would  require  nearly  15,000  years!  In 
order  to  account  for  this  remarkable  catalytic  power  of  enzymes,  it  is  usually 
considered  that  the  activation  free  energy  is  contributed  both  by  binding  of  the 
substrate  to  the  enzyme  (step  1)  and  by  chemical  transformation  of  the  bound  sub- 
strate (bond-making  and  breaking,  step  2).   Popular  opinion  holds  that  most  of  the 
activation  energy  is  supplied  in  step  2.  We  have  proposed,  however,  that  the  over- 
all catalytic  process  is  more  easily  Justified  on  the  assumption  that  the  first  step 
contributes  a  more  significant  share  of  the  activation  energy  than  Is  generally 
accepted.   To  support  this  theory,  we  have  synthesized  a  large  variety  of  test-tube 
models  which  simulate  the  bound  substrate  by  being  frozen  Into  a  single,  very  favor- 
able conformation  and  by  having  the  interacting  groups  brought  Into  the  closest 
pcssible  juxtaposition  (stereopopulation  control).  These  compounds  undergo  Intra- 
molecular reactions  (independently  of  any  functional  assistance)  at  rates  comparable 
to  those  catalyzed  by  enzymes,  and  show  that  the  protein  raises  both  the  entropic 
and  enthalpic  crmponents  of  the  substrate  by  binding  it  In  a  single,  rigid  conform- 
ation.  Recent  work  has  involved  a  study  of  steric  and  electroric  effects  on  NMR  and 
IK  spectra  across  tight  space  rather  than  through  covalent  bonds.   These  studies 
show  that  kinetic  and  spectral  properties  are  linearly  related  to  thi   van  der  Waals 
size  of  crowding  substituents.   The  upper  limit  of  energy-related  steric  crowding 
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could  not  be  evaliiated  because  of  inability  to  introduce  the  very  bulky 
iodo  group.  After  considerable  effort,  this  goal  has  been  reached.   The 
thermal  Balz-Schiemann  method  for  introduction  of  the  fluorine  atom  at  C-5 
failed  with  the  6-mesylate,  but  the  same  reaction  on  the  unprotected  phenol 
gave  a  29%  yield  of  the  desired  fluorodihydrocoumarin.   Direct  fluorination 
has  also  been  achieved  by  use  of  N-riuoro-3,5-dichloropyridiniun  triflate, 
although  in  lower  yield.   Efforts  are  continaing  to  introduce  the  trifluoro- 
methyl  group,  the  last  of  the  bulky  substituents  planned  for  the  present 
series. 

Studies  with  the  series  of  substituted  o-nltrophenylpropionic  acids  as 
potential  "Pro-Prodrugs"  have  made  significant  headway  with  the  completion 
of  the  parent  derivatizing  groups.   To  date,  they  have  been  coupled  to 
benzylamine,  GABA  methyl  ester,  and  a  protected  DOPA  derivative.   Preliminary 
kinetic  Investigations  have  shown  that  chemical  reduction  of  the  nitro  group 
in  both  series  occurs  easily  and  essentially  at  the  same  rate,  while  cycli- 
zation  to  the  lactam  (with  release  of  the  group  on  the  acyl  carbon)  is  indeed 
hastened  by  the  presence  of  the  gem-dimc.thyl  group  on  the  alpha  carbon. 
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SECTION  ON  DRUG  RECEPTOR  INTERACTIONS 

Functionalized  Congeners  of  Bioactive  Compounds  -  By  the  functionalized  congener 
approach  to  drug  design,  new  analogs  are  synthesized  with  the  regiospecific  inclusion  of  a 
functionalized  chain  at  a  point  which  can  accomnxxiate  molecular  modification  and  a  certain 
degree  of  steric  bulk.  The  resulting  functionalized  drug  congener  may  then  be  attached 
through  an  amine  or  other  reactive  group  on  the  chain  to  various  organic  moieties,  such  as 
amines  and  peptides.  The  receptor-binding  affinity  of  these  analogs  is  often  greater  than 
that  of  the  parent  drug  and  does  not  necessarily  diminish  as  the  molecular  weight  is 
systematically  increased.  XAC  (xanthine  amine  congener),  a  high  affinity  adenosine 
antagonist,  was  designed  by  this  approach. 

Applications  of  the  functionalized  congener  approach  include  the  synthesis  of 
probes  for  receptor  studies  (for  example:  radioligands,  fluorescent  probes,  or  chemically 
reactive  affinity  labels)  and  the  design  of  drug  delivery  systems  (including  targeting  and 
altering  the  characteristics  to  allow  for  passage  through  membranes).  Drug  conjugates  may 
be  designed  in  a  stepwise  approach  to  optimize  certain  pharmacological  properties,  such  as 
potency,  specificity,  and  duration  of  action. 

Functionalized  congeners  are  also  being  explored  for  therapeutic  goals.  Most 
clinically  available  cholinergic  drugs  (e.g.  the  agonist  pilocarpine  and  the  antagonist 
atropine)  are  non-selective  in  their  interaction  with  muscarinic  receptor  subtypes.  The 
recent  cloning,  sequencing,  and  expression  of  five  separate  genes  for  muscarinic  receptors 
has  raised  the  possibility  of  developing  novel  organic  compounds  that  act  as  agonists  or 
antagonists  at  one  of  these  subtypes.  Selective  compounds  could  be  therapeutically  useful 
in  treating  a  variety  of  diseases,  including  Alzheimer's  disease,  cardiac  disease,  neurogenic 
bladder,  and  certain  sleep  disorders.  Furthermore,  such  specific  compounds,  by  virtue  of 
their  subtype  selectivity,  should  be  devoid  of  many  of  the  side  effects  of  currently  used 
compounds. 

In  view  of  the  above,  a  goal  is  to  develop  novel  and  selective  muscarinic 
antagonists.  We  have  used  a  functionalized  congener  approach  in  the  design  of  derivatives 
of  pirenzepine  and  telenzepine.  The  attachment  of  a  spacer  chain  to  the  distal  piperazinyl 
nitrogen  was  based  on  previous  findings  of  enhanced  affinity  at  muscarinic  receptors  in  an 
analogous  series  of  alkylamino  derivatives  of  pirenzepine.  The  fxjtency/selectivity  were 
highly  dependent  on  the  number  of  methylene  groups.  The  most  potent  derivatives 
contained  a  10-aminodecyl  group,  which  provided  a  nucleophilic  functionality  for  further 
derivatization.  The  amines  were  acylated  with  various  reporter  groups  resulting  in 
molecular  probes  of  nanomolar  affinity.  The  telenzepine  derivatives  contain  prosthetic 
groups  for  radioiodination,  protein  cross-linking,  photoaffinity  labeling,  fluorescent 
labeling,  and  biotin  for  avidin  complexation.  We  explored  the  effect  of  chain  length  on  aryl 
isothiocyanate  derivatives  that  were  found  to  be  recepwtor  affinity  labels.  The  affinity  for 
muscarinic  receptors  in  rat  fore  brain  (mainly  ml  subtype)  was  determined  in  competitive 
binding  assays  vs.  [^HJN-methylscopolamine.  A  p-amino-phenylacetyl  derivative  for 
photoaffinity  labeling  had  a  Ki  value  of  0.29  nM  at  forebrain  muscarinic  receptors  (16- fold 
higher  affinity  than  telenzepine).  A  biotin  conjugate  displayed  a  Kj  value  of  0.60  nM  at 
m2-receptors  and  a  5-fold  selectivity  versus  forebrain.  The  high  affinity  of  these 
derivatives  make  them  suitable  for  the  characterization  of  muscarinic  receptors  in 
pharmacological  and  spectroscopic  studies,  for  peptide  mapping,  and  for  histochemical 
studies.  [Kenneth  Jacobson] 

Prosthetic  Groups  for  Labeling  of  Functionalized  Drugs  and  Peptides  -  Binding 
sites  for  certain  drugs  in  an  animal  or  organ  may  be  localized  as  a  result  of  the  synthesis  of 
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high  specific  activity  radiolabelled  analogs  which  have  high  affinity  for  that  binding  site. 
Prosthetic  groups  may  be  attached  to  a  drug  or  other  receptor  ligand  for  the  purpose  of 
efficient  and  selective  chemical  capture  of  a  particular  raciioisotop>e.  Having  develop>ed 
functionalized  congeners  of  theophylline  and  other  drugs  acting  at  adenosine  receptors,  we 
are  now  developing  prosthetic  groups  for  radioisotopes  such  as  ^^F,  ^^^l,  and  ^^^1,  to  be 
coupled  to  these  functionalized  drug  molecules.  The  prosthetic  groups  contain  amino  or 
carboxylic  groups  which  are  to  be  condensed  covalently  to  functionalized  drugs  to  give 
conjugates  of  high  affinity  at  a  particular  receptor.  These  prosthetic  groups  contain  amino 
or  carboxylic  groups  which  are  to  be  coupled  covalendy  to  functionalized  drugs  to  give 
conjugates  of  lugh  affinity  at  a  particular  receptor. 

Positron  emission  tomography  (PET)  based  on  short-lived  isotopes  such  as  ^^F 
and  ^  ^C  has  been  used  for  imaging  receptors  in  the  brain  and  other  organs.  A  prosthetic 
group  for  chemical  captvu-e  of  ^^F  requires  rapid  and  efficient  reaction  and  purification, 
since  the  half-life  is  only  110  minutes.  Compounds,  such  as  fluorodeoxy glucose, 
containing  this  isotope  have  been  used  extensively  as  an  in  vivo  tracers.  ^^¥  positron 
emission  tomography  (PET)  has  been  particularly  effective  in  the  study  of  brain  metabolism 
and  in  scanning  receptors  and  sites  of  drug  uptake.  PET  scanning  allows  more  than  spatial 
imaging;  it  provides  a  look  at  the  biochemical  state  of  an  organ. 

An  objective  of  our  chemical  investigation  is  to  provide  compounds  and  a  general 
methodology  for  rapid  introduction  of  radioactive  fluorine  into  peptides  and  functionalized 
drugs.  This  general  methodology  for  introduction  of  ^  ^F  is  hoped  to  lead  to  improvements 
in  diagnostic  nuclear  medicine,  and  to  provide  improved  brain  imaging  by  positron 
emission  tomography. 

The  reactions  through  which  ^  °F  is  introduced  into  a  molecule  include  nucleophilic 
displacement  of  alkyl  triflates,  aromatic  nucleophilic  attack,  and  halogenation  of  phenols, 
olefins,  and  metallo-organics.  Benzylic  electrophilic  centers  are  subject  to  attack  by  active 
nucleophiles,  including  "naked"  fluoride  ion  in  non-  aqueous  media. 

The  feasibility  of  attachment  of  the  bromomethylbenzoyl  prosthetic  group  in 
biological  systems  has  been  demonstrated.  In  addition  to  the  many  peptides  which  contain 
non-essential  amino  groups,  some  drug  molecules  may  also  be  coupled  to  this  prosthetic 
group  without  loss  of  receptor  binding. 

^^F-Insulin  of  high  specific  radioactivity  was  synthesized  using  a  new,  general 
methodology  for  the  incorporation  of  a  positron  emitter  into  peptides  and  proteins.  ^^F- 
Insulin  is  chemically  stable  and  retains  the  essential  biological  properties  of  insulin,  as 
measured  in  vitro  by  receptor  binding,  by  stimulation  of  glucose  metabolism  in  rat 
adipocytes,  and  in  localization  studies  in  vivo  in  primates.  The  synthesis  uses  4- 
bromomeihylbenzoyl-  ("BMB")  as  an  amide-linked  prosthetic  group.  Nucleophilic 
displacement  of  the  bromide  by  cyclotron-produced  ^^F-fluoride  ion  forms  a  4- 
fluoromethylbenzamide.  A  site-specific  reaction  at  the  amino  site  that  is  least  sensitive  in 
receptor  binding  (the  B^  phenylalanine  residue)  was  achieved.  Specific  activities  of  12-14 
Ci/|imole  at  the  time  of  injection  typically  were  obtained.  ^^F-Insulin  that  had  undergone 
radioactive  decay  competed  for  ^^^I-insulin  binding  to  insulin  receptors  in  a  manner 
indistinguishable  from  unlabeled  insulin.  Unlabeled  insulin  competed  with  ^^p- insulin  in  a 
fashion  similar  to  its  competition  for  ^  ^Sj.injuiin^  providing  funher  support  for  the  close 
resemblance  of  the  fluoro-  derivative  to  the  iodo-  as  well  as  the  native  peptide.  In  in  vivo 
studies,  Rhesus  monkeys  were  injected  with  0.3-1.4  mCi  of  ^^F-insulin  and  scanned  for 
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30-60  min.  Significant  uptake  of  the  radiotracer  was  detected  immediately  post-injection  in 
liver  and  kidneys,  with  delayed  uptake  in  bile  and  bladder.  In  the  presence  of  coinjected, 
unlabeled  insulin  labeling  of  the  liver  decreased  by  50%,  indicating  specific  binding  of  the 
radiotracer  to  insulin  receptors. 

A  prosthetic  group  methodology  was  utilized  to  achieve  both  radioiodination  and 
receptor  affinity  labeling.  Functional  zed  congeners  derived  from  XAC  (an  amine  congener 
of  l,3-dipropyl-8-phenylxanthine),  a  potent  Aj  selective  adenosine  antagonist,  were 
derivatized  to  contain  chemically  reactive  groups  capable  of  reaction  with  nucleophiles  such 
as  amines  and  thiols  on  biopolymers.  A  new  radioiodinated  xanthine  (adenosine 
antagonist)  that  binds  covalently  to  Apadenosine  receptors  was  prepared  via  a  general 
"trifunctional  approach"  to  receptor  ligands  and  used  as  a  receptor  probe.  BH-DITC-XAC 
was  synthesized  via  reaction  of  XAC  with  a  trifunctional  aryl  diisothiocyanate  crosslinker, 
containing  the  p-hydroxyphenylpropionyl  group  ("BH",  Bolton-Hunter  reagent)  for 
radioiodination.  I^Sj-BH-DITC-XAC,  prepared  direcdy  by  the  chloramine  T  method  and 
purified  by  HPLC,  bound  specifically  to  Aj  receptors.  This  binding  was  inhibited  in  the 
presence  of  the  adenosine  agonists  ^-PIA,  5-PlA,  and  NECA  in  a  dose  dependent  manner 
and  with  the  order  of  potency  characteristic  of  bovine  Aj  receptors.  Incubation  of  affinity 

purified  bovine  A  i -receptors  (prepared  using  a  XAC-Sepharose  affinity  column)  with  125i. 
BH-DITC-XAC  (0.8  nM)  for  2  hours  resulted  in  the  specific  and  clean  labeling  of  a 
polypeptide  band  corresponding  to  MW  36,000,  identical  to  that  previously  found  for  the 
A]  receptor.  [Kenneth  Jacobson] 

Development  of  Drugs  Acting  at  Adenosine  Receptors  -  Adenosine  acts  as  a 
neuromodulator  in  the  circulatory,  endocrine,  immune  and  central  nervous  system.  The 
biological  activity  is  associated  with  two  receptor  subtypes:  the  A  j -adenosine  receptor 
mediates  cardiac  and  central  depressant  and  antilipolytic  activities  and  is  coupled  to 
adenylate  cyclase  in  an  inhibitory  manner;  the  A2-receptor  is  involved  in  vasodilation  and 
antithrombotic  functions,  possibly  through  stimulation  of  adenylate  cyclase.  The  major 
class  of  antagonists,  the  alkylxanthines,  generally  acts  at  both  receptor  subtypes;  there  is 
currently  a  search  for  analogs  which  have  high  potency,  high  receptor  subtype  selectivity, 
and  increased  water  solubility. 

Adenosine  acts  as  a  neuromodulator  through  at  least  two  receptor  subtypes,  Ai  and 
A2.  A2  receptors  have  been  further  divided  into  A2a  (high  agonist  affinity,  in  striatum)  and 
A2b  (low  agonist  affinity,  in  fibroblasts)  receptors.  A  number  of  effector  mechanisms 
(cAMP,  PI,  ion  channels)  are  activated  by  adenosine,  the  best  known  being  adenylate 
cyclase  (inhibited  by  Ai  and  activated  by  A2).  Several  developments  within  the  past  few 
years  have  enabled  a  rigorous  examination  of  the  molecular  structure  and  regulation  of 
adenosine  receptors:  1 )  the  synthesis  of  adenosine  derivatives,  as  agonists,  and  xanthine 
and  non-xanthine  antagonists  with  receptor  subtype  selectivity;  and  2)  the  cloning  of  both 
Ai  and  A2a  adenosine  receptors.  Our  goal  is  to  define  the  parameters  of  the  binding  and 
receptor  activation  by  purines  using  a  variety  of  means,  including  synthetic,  genetic, 
spectroscopic,  and  computational  methodology. 

We  have  synthesized  new  adenosine  receptor  ligands  using  a  "functionalized 
congener  approach",  by  which  potential  positions  for  attachment  of  chains  on  a 
pharmacophore  are  empirically  probed.  The  site  of  attachment  must  correspond  to  a  region 
of  relaxed  steric  requirements  at  or  near  the  receptor  binding  site.  This  strategy  has  allowed 
us  to  target  accessory  sites  of  favorable  interaction  on  the  receptor,  and  actually  enhance  the 
affinity  of  the  ligands.  We  have  used  such  congeners  to  make  fluorescent  probes,  super- 
potent  lipid  conjugates,  affinity  labels,  etc.   An  Ai  selective  affinity  label  was  used  to 


187 


demonstrate  the  presence  of  spare  adenosine  receptors  in  the  A-V  node  of  the  guinea  pig 
hean.  In  collaboration  with  Dr.  Gary  Stiles  of  Duke  University  Medical  Center,  A2a 
receptors  have  been  labeled  using  the  iodinated  agonist  PAPA-APEC  (Figure  1), 
suggesting  a  molecular  weight  of  45,000  Daltons  (bovine  striatum).  The  measured 
molecular  weights  of  the  receptor  proteins  are  in  good  agreement  with  the  values  calculated 
from  sequences.  The  rabbit  (striatum),  rat  (PC12  cells),  and  frog  (erythrocyte)  A2a- 
receptors  are  of  molecular  weight  44-47K,  and  hamster  (DDTi-MF2  cells)  A2a-receptors 
appear  to  be  40K.  In  membranes  containing  the  rabbit  A2a  receptors,  cleavage  of  a  7000 
MW  fragment  was  observed  in  the  absence  of  inhibitors  of  enzymatic  proteolysis.  This 
segment  most  likely  corresponds  to  the  long  C-terminal  tail  found  in  the  A2a  but  not  in  the 
Ai  receptor  .  The  receptor  38K  fragment  still  binds  ligands  appropriately,  however  the 
ability  of  guanine  nucleotides  to  modulate  the  coupling  to  G-protein  is  enhanced  following 
cleavage.  Desensitization  of  both  Ai  and  A2  adenosine  receptors  in  DDTi  MF-2  smooth 
muscle  cells  was  observed. 

We  have  characterized  the  human  A2a  receptor  through  radioligand  binding  and 
photo^ffmity  labeling.  A  truly  selective  A2a  antagonist  radioligand  is  lacking,  however  one 
may  use  [3H]XAC  (8-[4-[[[[(2-aminoethyl)amino]carbonyl]methyl]-oxy]phenyl]-l,3- 
dipropylxanthine)  for  certain  species,  such  as  primates  and  rabbit  in  which  the  A2a 
receptors  have  panicularly  high  affinity  for  8-phenyl  xanthines.  Although  A] -selective  in 

the  rat  brain,  [^H]XAC  binds  to  human  striatal  A2a  receptors  with  high  affinity  (K<i  =2.98 
nM).  25  nM  CPX  (8-cyclopentyl-l,3-dipropykanthine),  an  A 1 -selective  antagonist,  in  the 

incubation  medium  effectively  eliminated  91%  of  [^HJXAC  (1  nM)  binding  to  human  Aj 
receptors,  yet  preserved  90%  of  binding  to  A2  receptors.  [3H]XAC  exhibited  saturable, 
specific  binding  to  A2a  sites  with  a  K^j  of  2.98  nM  and  a  Bmax  of  0.7 1  pmol/mg  protein 
(25°C,  non-specific  binding  defined  with  0.1  mM  NECA).  The  potency  order  for 
antagonists  against  1  nM  [^HJXAC  was  CGS15943A  >  XAC  =  PD115,199  >  PAPA- 
XAC  >  CPX  >  HTQZ  =  XCC  «  CP-66,713  >  theophylline  =  caffeine,  indicative  of  A2a 
receptors.  A2a-adenosine  receptors  were  detected  in  the  human  conex,  albeit  at  a  much 
lower  density  (-5%)  than  in  the  striatum.  Photoaffinity  labeling  using  ^^Si.p^PA-APEC 
revealed  a  molecular  weight  of  45K.  with  43K  and  37K  proteolytic  fragments  also 
observed.  In  the  absence  of  proteolytic  inhibitors,  the  37K  fragment,  which  still  bound 
125i.pAPA-APEC,  was  predominant. 

Isothiocyanate  derivatives  of  adenosine  have  been  developed  as  selective  affinity 
labels  for  A]-  and  A2-adenosine  receptors  [Jacobson  et  al,  1992b].  An  amine 
functionalized  congener,  APEC  (2-[(2-aminoethylamino)carbonylethylphenyl-ethylamino]- 
5'-N-ethylcarboxamido-adenosine),  is  a  selective  agonist  at  A2a-adenosine  receptors.  As  a 
means  of  covalently  inhibiting  this  receptor  binding  site,  APEC  was  coupled  to  m-  andp- 
phenylene-diisothiocyenate  (DITC).  The  resulting  isothiocyanate  derivatives  in 
preincubation  with  rabbit  or  bovine  striatal  membranes  irreversibly  inhibited  radioligand 
binding  at  A2a-  but  not  A 1 -receptors.  Inhibition  was  prevented  by  theophylline  (antagonist) 
or  NECA  (agonist).  p-DITC-APEC  (100  nM)  diminished  the  Bmax  for  pH]CGS  21680 
binding  by  71%  (Kd  unaffected),  suggesting  a  direct  modification  of  the  ligand  binding 
site.  Selective  inhibitors  are  potentially  of  interest  in  studies  of  the  physiological  role  of 
adenosine  receptors. 

Detailed  amino  acid  sequence  analyses  of  Ai-  and  A2a-adenosine  receptors  were 
assembled  by  analogy  to  other  G-protein  coupled  receptors.  The  models  have  been 
correlated  with  pharmacological  observations  with  both  native  and  transiently  expressed 
mutants  of  bovine  Ai  receptors  in  which  either  His^^l  or  His^^S  residues  have  been 
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substituted  with  Leu.  Sites  for  phosphorylation,  palmitoylation,  and  sodium  binding  have 
been  proposed.  These  models  conform  with  the  seven  trans-membrane  domain  topology 
commonly  found  for  receptors  linked  to  G-proteins.  Asparagine  residues  that  are  potential 
glycosylation  sites  are  located  on  E-II  in  both  the  Aj  and  A2  sequences.  The  Aj  and  A2 
sequences  display  a  number  of  consensus  patterns  for  phosphorylation  by  PKA,  PKC  or 
by  casein  kinase  II  (CK2).  The  carboxyl  terminus  of  the  A2  receptor  is  rich  in  serine  and 
threonine,  suggestive  of  phosphorylation  by  bARK.  Many  G-protein  linked  receptors 
contain  a  cysteine  residue  in  the  C-terminal  tail  close  to  H-Vn,  Uiat  is  palmitoylated  and 
essential  for  G-protein  The  role  of  an  analogous  cysteine  residue  present  in  the  carboxy  tail 
of  the  A 1  receptor  (Cys^^),  but  not  the  A2  receptor,  is  yet  to  be  determined.  The  sequence 
[SN]-L-A-x-[AT]-D  occurs  near  the  cytoplasmic  end  of  H-D  in  both  Ai  and  A2  receptors 
and  in  many  other  G-protein  linked  receptors,  where  it  is  important  in  the  allosteric 
modulation  of  agonist  binding  by  Na"*".  The  inhibition  of  A2-radioligand  binding  by  the 
histidyl-modifying  reagent  diethylpyrocaibonate  suggested  the  involvement  of  His  residues 
in  interactions  with  adenosine  agonists  and  antagonists.  We  have  shown  that  radioligand 
binding  to  A2  receptors  is  disrupted  following  treatment  with  the  disulfide  reactive  reagents 
mercaptoethanol  (>50  mM)  or  DTT  or  dithionite  (>10  mM).  This  suggests  that  disulfide 
linkages  indeed  are  involved  in  maintaining  the  structural  integrity  of  the  A2  receptor. 

In  collaboration  with  Dr.  Ad  Uzerman  we  have  recently  devised  a  preliminary 
molecular  model  for  the  binding  of  adenosine  to  the  A 1  receptor ,  tiiat  is  consistent  with  the 
observed  pharmacology,  SAR,  and  calculated  ligand  conformation.  This  model  may  be 
used  to  predict  sites  for  interaction  between  specific  amino  acid  residues  of  the  receptor  and 
its  ligands,  and  may  be  tested  in  studies  of  mutagenesis  of  the  receptor.  Eventually  the 
objective  will  be  to  synthesize  improved  ligands,  including  chemical  affinity  labels  and 
possibly  ligands  of  high  selectivity  for  other  subtypes  (e.g.  A2b).  consistent  with  the 
model. 

5'-Ether  derivatives  of  the  potent  adenosine  agonist  N^-cyclopentyladenosine 
(CPA)  were  designed  as  "caged"  ligands  for  the  activation  of  Ai-adenosine  receptors 
following  in  situ  photolysis.  The  synthesis  involved  a  2',3'-diol  protection  scheme  using 
the  acid  labile  ethoxymethynyl  group.  Generation  of  CPA  was  demonstrated 
chromatographically  and  in  a  bioassay  measuring  the  inhibition  of  synaptic  potentials  in  the 
rat  hippocampus.  The  penetration  of  peripherally  administered  adenosine  antagonists  into 
the  brain  was  determined  using  an  ex  vivo  binding  technique  (CRADA  with  Cortex 
Pharmaceuticals,  Inc).  [Kenneth  Jacobson] 
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Biological  Properties  of  Fluorinated  Neuroactive  Amines  -  Putative  interactions  of 
the  benzylic  OH  group  and  the  fluoro  substituent  have  been  considered  as  contributing 
factors  to  explain  the  effects  of  fluorine  substitution  on  the  adrenergic  selectivities  of 
adrenergic  agonists.  We  now  have  investigated  fluorinated  analogues  of  three  types  of 
agonists  that  have  significantly  different  juxtapositions  of  a  side-chain  OH  group  and  the 
aromatic  fluorine,  including  the  natural  phenethanolzmine  agonists,  a  phenoxypropanol- 
amine  agonist,  and  analogues  wherein  the  benzyl  OH  is  replaced  with  the  hychrixymethyl 
group.  From  the  striking  reduction  of  beta-adrenergic  potency  resulting  from  fluorine  on 
5ie  6-position  of  the  aromatic  ring  of  the  phenoxypropanolamine  on  the  binding  interactions 
with  the  beta-adrenergic  receptor,  we  concluded  that  a  direct,  confonnational  bias  produced 
by  an  intramolecular  interaction  between  the  OH  group  and  fluorine  does  not  ccMitriubte 
significantly  to  the  reduced  beta-adrenergic  activity  of  6-fluoro-analogues  of  these 
compounds.  While  we  observe  the  same  trend  in  adrenergic  activity  resulting  from 
fluorination  of  the  hydroxymethyl  analogues,  the  effects  are  much  less  dramatic.  The  effect 
is  more  striking  for  the  beta-2  than  for  the  beta-1  response.  For  each  receptor  sub-type,  an 
approximately  2-fold  increase  in  potency  is  seen  with  the  2-fluorinated  analogue.  Such  a 
modest  increase  is  consistent  with  our  previous  results  with  fluorinated  epinephrines.  A 
significant  7-fold  decrease  in  potency  of  the  6-fluoroanalogue  was  found  at  the  beta-2- 
adrenergic  receptor,  while  this  analogue  was  equipotent  with  the  parent  compound  at  the 
beta-1 -adrenergic  receptor.  We  note  that  the  parent  3-ainino-2-(3,4-dihyddroxypehnyl)-l- 
propanol  is  less  potent  than  3-amino-l-(3,4-djhydroxyphenoxy)-2-propanol  or  tiie 
phenethanolamine  beta-adrenergic  agonists  we  previously  studied  and  it  appears  that  effects 
on  selectivity  may  be  greater  for  more  potent  agonists.  For  example,  fluorine  had  no 
apparent  effect  on  the  adrenergic  activity  of  dopamine,  a  compound  with  significant,  albeit 
weak,  adrenergic  activity.  This  lack  of  sensitivity  to  fluorine  substitution  had  been  an 
initial  strong  argument  for  the  importance  of  the  beta-hydroxyl  group  in  determining 
adrenergic  selectivities  of  fluorinated  analogues.  We  are  now  examining  more  closely  the 
potential  relationship  between  adrenergic  potency  and  sensitivity  to  fluorine  substitution. 

Several  points  remain  to  be  addressed.  First,  we  have  no  direct  evidence  bearing 
on  the  mechanism  by  which  a  2-fluoro-substituent  adversely  affects  alpha-adrenergic 
activity,  although  the  "anti-symmetric"  nature  of  the  fluorine  effects  have  led  us  to  believe 
that,  in  both  the  2-  and  6-fluoro  series,  similar  mechanisms  probably  are  involved. 
Research  underway  to  address  this  point  includes  the  synthesis  of  the  fluorinated  analogues 
of  a  (dihydroxyphenyl)morpholine,  a  compound  possessing  both  alpha-  and  beta- 
adrenergic  activity,  and  which  also  possesses  no  benzylic  OH  group.  We  are  also 
preparing  2-  and  6-fluorinated  analogues  of  the  enantiomers  of  dobutamine.  The  (-)-isomer 
of  4  is  predomminantly  an  alpha- 1  adrenergic  agonist  while  the  (-t-)-isomer  is 
predominantiy  a  beia-1  and  beta-2  adrenergic  agonist  [Kenneth  Kirk,  Bang-Hua  Chen, 
Jun-Y.  Nie] 

As  ?  first  step  in  studying  the  effects  of  the  azido  group  (a  pseudo  halogen)  on 
biological  activity  in  this  series,  we  used  a  tyrosine  phenol  lyase-catalyzed  condensation  of 
pyruvate  with  3-azidophenol  to  prepare  2-azido-L-tyrosine.  We  have  prepared  4- 
azidocatechol  diacetate  in  order  to  attempt  a  similar  enzymatic  synthesis  of  6-azido-DOPA. 
We  have  prepared  6-azidodopamine  by  chemical  synthesis  from  N-trifluoroacetyl-6- 
nitrodopamine  diacetate.  [Kenneth  Kirk,  Daniel  AppeDa,  Arthur  Grossman,  Jr.] 

Development  of  Potential  Chemotherapeutic  Agents  -  Pteroyl-L-glutamyl  gamma- 
peptides  are  the  predominant  form  of  intracellular  folate  coenzymes.  Folypoly-glu 
hydrolase  sequentially  cleaves  gamma-glu  peptide  bonds  to  produce  tetrahydrofolate,  the 
form  required  for  thymidine  biosynthesis.  A  strategy  for  new  and  selective  antifolate 
agents  involves  inhibition  of  this  enzyme.  Our  initial  strategy  involved  synthesis  of 
difluoromethylene  ketone  analogues  of  the  glu-gamma-glu  as  inhibitors  of  this  enzyme. 
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However,  a  recent  report  described  the  synthesis  of  sulfonamide  peptide  isosteres  as 
potential  transition  state  analogues.  We  have  synthesized  a  L-glu-gamma-L-glu  dipeptide 
sulfonamide-containing  analogue  from  L-homocystine.  Subsequent  pteridine  coupling  will 
produce  the  desired  inhibitor.  [Kenneth  Kiric,  Fabian  A.  Jameison] 

Development  of  Multifunctional  Chemotherapeutic  Agents  -  Amantadine  is  a  well 
known  antiviral  agent  which  has  been  commercially  available  for  years  under  the  trade 
name  Symmetrel.  Its  primary  use  is  for  the  prevention  of  influenza  A  infections.  It  also 
has  been  reported  that  at  higher  doses,  it  is  active  against  other  viral  strains.  Its  mode  of 
action  is  thought  to  be  at  an  early  stage  in  replication,  probably  at  the  stage  of  uncoating.  In 
a  rational  approach  to  increasing  the  effectiveness  of  amantadine,  as  well  as  of  other 
antiviral  agents,  two  molecules  of  amantadine  were  connected  by  a  linear  bridge  containing 
extremely  hydrophilic  guanidine  residues.  Interaction  of  this  connecting  bridge  with  viral 
cell  wall  glycoproteins  was  expected  to  deliver  the  amantadine  residues  to  the  viral  surface, 
thus  gready  incireasing  the  effective  concentration  of  the  drug.  This  and  related  structures 
were  found  to  be  very  active  against  gram  positive  and  gram  negative  bacteria,  fungi,  yeast, 
and  enveloped  viruses,  including  herpes  simplex  and  retroviruses.  The  analogue 
incorporating  the  N-chloro  functionality  also  was  extremely  potent.  The  exact  mechanism 
of  action  of  these  analogues  is  unknown.  The  antiviral  effect  may  be  due  to  interaction 
with  or  through  the  viral  envelope.  [B.  V.  Shetty] 
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Natural  products  provide  a  wide  range  of  biologically  active  agents,  many  of 
which  have  unique  profiles  of  pharmacological  activity  and  therapeutic  potential. 
Over  three  hundred  alkaloids  have  been  identified  in  extracts  from  amphibian  skins 
These  included  batrachotoxins,  which  are  potent  activators  of  sodium  channels, 
histrionicotoxins,  which  are  noncompetitive  blockers  of  nicotinic  receptor  channel 
complexes  and  of  potassium  channels,  and  ptimiliotoxins,  which  have  myotonic  and 
cardiotonic  activity  due  to  inhibitory  effects  on  closing  of  sodium  channels. 
Further  alkaloids  included  2,5-disub8tituted  dec ahydroqu inclines,  5,8-disubstituted 
indolizidines,  l,4-disub8tituted  quinolizidines,  3,5-disubstituted  pyrrolizidines, 
puffliliotoxins,  homopumiliotoxins  and  allopumiliotoxins,  and  tricyclic  alkaloids, 
including  pyrrolizidine  oximes,  cyclopenta[b]quinolizidines,  cocinellines,  and  the 
potent  nonopioid  analgetic  epibatidine.   Homobatrachotoxin  has  been  discovered  in 
feathers,  skin  and  muscle  of  a  New  Guinean  bird.   Characterization  of  alkaloids  in 
non-dendrobatid  amphibians  indicated  that  the  biosynthetic  pathways  to  certain 
dendrobatid  alkaloids  have  evolved  separately  in  one  lineage  (genus)  of  amphibians 
from  the  feunilies  Bufonidae,  Myobatrachidae  and  Ranidae  and  in  a  lineage  leading  to 
four  genera  in  the  family  Dendrobatidae.   The  lack  of  alkaloid  production  in 
captive-raised  dendrobatid  frogs  remains  an  enigma.   Synthetic  routes  to 
epibatidine  and  to  the  pyrrolizidine  oximes  have  been  developed.   There  was  no 
correlation  between  inhibition  of  batrachotoxin  binding  and  anticonvulsant  activity 
for  a  series  of  analogs  of  carbetapentane. 
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The  biochemistry,  physiology,  and  pharmacology  of  biogenic  amines,  amino  acid 
precursors  and  metabolic  products,  and  various  synthetic  derivative  have  been 
investigated.   The  general  areas  of  study  include  the  effects  of  fluorine 
substitution  of  the  properties  of  biogenic  amines,  adrenergic  antagonists  and  amino 
acids  and  catechol-O-methyltransferase  (COMT).   Studies  on  COMT  include:  1) 
immunohistochemical  localization  and  induction  of  COMT  in  the  luminal  epithelium  of 
pregnant  and  pseudopregnant  rat  following  treatment  with  progesterone-receptor 
inhibitors  including  RU486  2)  localization  of  COMT  in  macrophages  of  the  corpus 
lutea  and  cervical  lymph  nodes  of  rat  3)  activity  and  localization  of  COMT  in  the 
hcunster  kidney  and  in  estrogen-induced  carcinomas  of  hamster  kidney  4)  activity  and 
localization  of  COMT  in  human  endometrial  and  breast  adenocarcinomas  5)  substrate 
specificity  and  reaction  kinetics  of  3'-hydroxycoclaurines  and  the  identification 
of  berbines  as  additional  products  of  the  O-methylation  reaction  derived  from  3'- 
hydroxycoclaurine  6)  other  studies  include  the  identification  of  monoamine  oxidase 
A  and  B  as  one  of  the  irreversible  binding  sites  of  procaine  isothiocyanate. 
studies  of  fluorine  substituted  derivatives  of  biogenic  amines  include  the  tissue 
distribution  and  incorporation  of  2-f luorohistidine  in  mouse  is  vivo. 
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Calcium,  sodium,  potassium,  and  magnesium  ions  after  translocation  through  ion 
channels  or  by  transport  proteins  can  cause  activation  of  release  processes, 
contractile  proteins,  adenylate  and  guanylate  cyclase,  phosphodiesterases,  protein 
kinases,  phospholipases,  ATPases  and  other  enzymes.   Receptors  of  various  types  and 
various  toxins  serve  to  modulate  ion  channels  and  generation  of  second  messengers 
including  cyclic  nucleotides,  diacylglycerides,  arachidonic  acid  and  phosphatidic 
acid.   Naitotoxin  (MTX),  a  ladder-like  polyether  of  moleculeu:  weight  3424, 
activates  calcium  uptake  and  phosphoinositide  breakdown  in  all  cells  studied  to 
date.   Activation  of  phospholipase  C  by  MTX  is  dependent  on  extracellular  calcium. 
A  blocker  of  receptor-mediated  calcium  entry,  SK&F  96365,  antagonised  in  a  similar 
dose-response  relationship  MTX-elicited  calcium  influx,  MTX-elicited 
phosphoinositide  breakdown  and  MTX-elicited  insulin  release  in  cultured  cells. 
Thus,  it  appears  that  the  primary  effect  of  MTX  is  to  activate  directly  the  SK&F 
96365-sensitive  so-called  receptor-mediated  calcium  entry  system  and,  thereby, 
increase  internal  calcium,  activate  phosphoinositide  breakdown  and  trigger  release 
of  hormones  and  neurotransmitters.  MTX  does  not  act  as  an  ionophore  and  stimulates 
uptake  of  other  cations  to  a  much  lesser  degree  than  calcium.   Binding  data 
suggests  a  high  affinity  membrane  site.   Thin-layer  chromatography  in  combination 
with  fast-atom  bombardment  mass  spectrometry  was  shown  to  be  ideally  suited  for 
identification  and  analysis  of  molecular  species  of  phospholipids. 
Bis (monoacylglycero) phosphates  were  identified  as  significant  membrane 
phospholipids  in  pheochromocytoma  cells.   Phosphatidylcholine  was  shown  to  be  the 
major  substrate  for  phorbol  ester  and  bradykinin-activated  phospholipase  D  in  such 
cells. 
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The  primary  goal  has  been  the  elucidation  of  the  structures  of  reactive  metabolites 
responsible  for  the  carcinogenic,  cytotoxic  and  mutagenic  activity  of  drugs,  poly 
cyclic  aromatic  hydrocarbons,  and  other  environmental  chemicals.   The  approach 
taken  consists  of:   i)  synthesis  of  primary  and  secondary  oxidative  metabolites, 
ii)  study  of  the  metabolism  of  the  chemicals  with  liver  microsomes  and  with  puri- 
fied cytochromes  P450  and  epoxide  hydrolase,  iii)  evaluation  of  the  mutagenicity 
and  tumorigenicity  of  the  synthetic  metabolites,  iv)  elucidation  of  the  roles  of 
the  cytochrome  P450  system  and  epoxide  hydrolase  in  modulating  the  mutagenicity  of 
these  metabolites,  v)  determination  of  the  rates  and  products  of  reactions  of  arene 
oxides  and  diol  epoxides  with  biopolymers  and  model  compounds,  and  vi)  search  for 
agents  capable  of  preventing  the  tumorigenicity  of  reactive  metabolites.   Most  of 
the  effort  in  the  past  year  has  concentrated  on  DNA  adducts  of  carcinogenic  bay- 
region  diol  epoxide  metabolites.   A  strategy  has  been  dev«iloped  for  synthesis  of 
oligonucleotides  containing  N6-2'-deoxyadenosine  and  N2-2 '-deoxyguanosine  adducts 
of  diol  epoxides  where  the  exocyclic  amino  groups  of  the  purine  bases  are  bonded  to 
the  hydrocarbon  by  cis  or  trans  opening  of  the  epoxide  at  the  benzylic  position. 
The  required  N-substituted  purines  are  prepared  from  hydrocarbon  aminotriols  and 
appropriately  blocked  fluorine  analogs  of  the  bases.   The  blocking  groups  were 
selected  such  that  standard  phoephoramidite  chemistry  can  be  used  on  an  automated 
DNA  synthesizer.   Such  adducted  DNA  oligomers  are  expected  to  be  of  immense  value 
in  the  study  of  mechanisms  of  mutagenesis  and  carcinogenesis.   Mutations  in  the 
coding  region  of  the  hypoxanthine  (guanine)  phosphoribosyltransferase  (HPRT)  gene 
of  Chinese  hamster  V-79  cells  were  examined  with  the  carcinogen  (+)-7R,8S- 
dihydroxy-9S, lOR-epoxy-7,8,9, 10-tetrahydrobenzo[a]pyrene.   Although  this  carcinogen 
is  known  for  causing  point  mutations  at  guanine,  studies  at  very  low,  noncytotoxic 
doses  have  indicated  that  comparable  numbers  of  mutations  also  occur  at  adenine, 
suggestive  that  there  is  a  small  number  of  A-T  hot  spots  which  are  obscured  by 
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3.1 


PROFESSIONAL: 
3.0 


OTHER: 
0.1 


CHECK  APPROPRIATE  BOXIES) 

D    (a)  Human  subjects    D    (b)  Human  tissues      E    (c)  Neither 
n    (a1)  Minors 
D    (a2)  Interviews 


SUMMARY  OF  WORK  (Urn  txandaid  unmducad  typa.  Do  not  axcaad  tha  ipaca  pmvidad.) 

Enzymology,  kinetics  and  synthetic,  physical  and  analytical  chemistry  are  being 
used  to  investigate  the  mechanisms  of  catalysis  by  and  assembly  of  the  reverse 
transcriptase  (RT)  and  protease  of  human  immunodeficiency  virus  type  1  (HIV-1), 
with  the  ultimate  goal  of  developing  specific  inhibitors  for  these  enzymes,   i)  In 
a  previous  report,  we  described  an  amino-acid  repeat  motif,  resembling  a  modified 
"leucine  zipper",  in  the  RT  of  several  HIV-1  and  HIV-2  isolates,  which  we  suggested 
might  be  involved  in  subunit  association.   X-ray  studies  by  Kohlstaedt  et  al.  have 
now  indicated  that  the  regions  containing  this  motif  in  the  p51  and  p66  subunits 
are  not  in  contact  in  the  crystalline  heterodimer.   Thus,  the  function  of  this 
highly  conserved  sequence  is  as  yet  undefined,   ii)  Studies  on  the  acceleration  by 
sodium  chloride  of  the  rate  of  peptide  hydrolysis  catalyzed  by  retroviral  proteases 
as  well  as  by  the  model  mammalian  enzyme,  pepsin,  are  now  complete.   This  salt 
effect,  which  is  almost  exclusively  on  the  Michaelis  constant,  is  suggested  to 
result  from  the  enhancement  of  hydrophobic  interactions  between  the  substrate  and 
the  enzyme's  active  site.   Using  a  spectrophotometric  assay,  which  facilitated 
assessment  of  substrate  solubility,  we  have  observed  a  monotonic  increase  in  rate 
with  NaCl  concentrations  up  to  5  M.   Literature  reports  of  a  bell-shaped  dependence 
of  the  rate  on  salt  concentration  presumably  result  from  artifacts  due  to  the 
failure  to  detect  reduced  solubility  of  the  substrate  at  high  salt  concentrations, 
iii)  Kinetic  studies  on  the  autoprocessing  of  constructs  of  the  HIV-1  protease 
containing  flanking  Pol  region  sequences  and  expressed  as  fusion  proteins  with  the 
maltose-binding  protein  of  Escherichia  coli  are  in  progress.   Preliminary  results 
suggest  an  initial  loss  of  the  N-terminal  sequence  containing  the  maltose-binding 
protein  to  give  a  13.2-kDa  intermediate  which  retains  the  C-terminal  Pol  sequence; 
this  intermediate  is  cleaved  to  the  11-kDa  protease  in  a  slower  step.   At  the 
ccncentrations  used,  the  initial  cleavage  is  first-order  in  protein  concentration, 
consistent  with  a  rapid  and  favorable  dimerization  of  the  fusion  protein  followed 
by  intramolecular  proteolysia. 
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1992 
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Mass  Spectrometry  of  Drugs,  Natural  Products,  Proteine  and  Oligonucleotides. 


PRINQPAL  INVESTIGATOR  fUtt  othar  pioffkrfi  pvtonnti  btlow  tlt»  Principal  tt</mJe»lot.)   (Nmrnt,  tiOt,  hbontorf.  and  inatkutm  ifnmtianj 

P.I.         L.K.  Pannell      Visiting  Scientist  LBC,  NIDDK 


Others: 


D.M.  Jerina 


Section  Chief 


LBC,  NIODK 


COOPERATING  UNITS  Of  »nyl 

Becker,  Whittaker  and  White,  LAC,  NIDDK;  Daly,  Spande,  Garraffo  and  Holbrook,  LBC, 
NIDDK;  Pales  and  Jones,  LBC,  NHLBI;  Munro  and  Blunt,  U.  Cant.,  N.Z.;  Hanbauer,  LCP, 

NHLBI;  Rogawski  and  Yamaguchi.  ERB .  NINCDS;  Boyd.  NCI.  FCRC;  Stein.  NIST 


LAB/BRANCH 

Laboratory  of  Bioorganic  Chemistry 


SECTION 

Section  on  Oxidation  Mechanisms 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Bethesda,  MD  20892 


TOTAL  STAFF  YEARS: 
1.0 


PROFESS  ONAL: 
1.0 


OTHER: 

0.0 


CHECK  APPROfWATE  BOXIESI 

D    (a)  Human  subjects    D    (b)  Human  tissues 
D    (a1)  Minors 
D    (a2)  Interviews 


B    (c)  Neither 


SUMMARY  OF  WORK  IUm  tfndtid  unmductd  typa^  Do  not  »xc—d  tht  apte*  pmvidtd.) 

Specialized  mass  spectrometry  analyses  are  provided  to  the  laboratory  and  to  other 
collaborating  units.   The  emphasis  of  this  work  is  split  between  identification  of 
trace  organic  compounds  isolated  from  biological  sources  and  the  mass  spectrometry 
of  biopolymers  (e.g.  proteins).   A  very  close  working  relationship  is  maintained 
with  the  Laboratory  of  Biophysical  Chemistry,  NHLBI,  and,  with  the  move  into 
macromolecule  mass  spectrometry,  has  been  extended  to  pursue  and  develop  techniques 
in  this  area.   A  major  portion  of  this  projects  effort  has  been  devoted  to  the 
development  of  methods  for  handling,  digesting  and  mass  analyzing  biopolymers.   An 
electrospray  source  was  attached  to  the  JEOL  SX102  instrument,  and  this  is  now 
producing  mass  spectra  of  macromolecules.   A  capillary  zone  electrophoresis 
instrument  was  obtained  and  is  being  used  to  study  digestion  methods  on-line  to 
establish  the  optimum  stopping  points  for  protein  cutting  methods.   This  has  also 
been  interfaced  to  the  electrospray  source  in  a  preliminary  fashion  where  its 
separation  efficiency  far  surpasses  that  of  traditional  HPLC  methods.   As  part  of 
the  macromolecule  collaboration,  LBC,  NHLBI,  has  installed  a  mass  spectrometer 
especially  set  up  for  sequencing  of  protein  digests.   In  the  small  molecule  area, 
collaborative  interest  has  continued  in  the  identification  of  biologically  active 
natural  products,  especially  those  of  interest  in  AIDS  research  and  treatment; 
several  plasma  drug  level  studies  have  been  completed  in  collaboration  with  NINCDS. 
Samples  analyzed  derive  from  many  facilities  and  researchers. 


PHS  e040  IR*v.  5/921 


197 


09AjmiBfT  OF  HEALTM  AND  HUMAN  SBtVICEB  -  PUBUC  XALTM  SBMCC 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PnOJECT  >MyBER 


ZOl   DK  31108-04   LBC 


PEMOO  COVERED 

October  1,  1991  to  September  30, 


1992 
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Adenosine  Receptor  Agonist e  and  Antagonist b 
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P.I. 

J.W.  Daly 

Chief 

LBC, 

NZDDK 

others : 

F.  Cusovsky 

Senior  Staff  Fellow 

LBC, 

NZDDK 
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Visiting  Associate 

LBC, 

NIDDK 

R.  Moni 

Visiting  Fellow 

LBC, 

NIDDK 

W.  Padgett 

Biologist 

LBC, 

NIDDK 

Dan  Shi 

Special  Volunteer 

LBC, 

NIDDK 

COOPERATING  UNTTS  Of  any) 

R.  OlsBon,  U.  So.  Fla.,  Tampa,  FL;  C.  Mueller,  D.  Tubingen,  Germany. 


Laboratory  of  Bioorganic  Chemistry 


Section  on  Pharmacodynamics 


INSTITUTE  AND  LOCATION 


NIDDK,  NIH,  Bethesda,  Maryland   20892 


TOTAL  STAFF  YEARS: 
2.8 


PROFESSIONAL: 
2.3 


0.5 


CHECK  APPROPRIATE  B0X(ES1 

D   (a)  Human  subjects 
D   (a1)  Minors 
D    (a2)  Interviews 


D    (b)  Human  tissues      B    (c)  Neither 


SUMMARY  OF  WORK  lUm  ttmndurt  unrnducad  ryp*.  Do  not  •xomd  ttm  tpaea  pmridad.) 

Adenosine  regulates  a  wide  range  of  physiological  functions  through 
interaction  with  at  least  two  major  classes  of  adenosine  receptors.   The  Al  class 
of  adenosine  receptors  is  inhibitory  to  adenylate  cyclase,  while  the  A2  class  is 
stimulatory  to  adenylate  cyclase.   Subclasses  of  adenosine  receptors  also  occur. 
Some  of  these  are  inhibitory  to  calcium  channels,  some  are  stimulatory  to  potassium 
channels,  some  activate  guanylate  cyclase,  some  modulate  phospholipid,  turn  over 
and  some  cause  smooth  muscle  relaxation  through  a  poorly  defined  mechanism. 
Activities  of  a  range  of  2-8ub8tituted  adenosines  led  to  development  of  model  for 
the  binding  site  on  AjA-adenosine  receptors.   This  consisted  of  a  hydrophobic  site 
separated  from  the  2-position  of  the  adenine  ring  by  a  region  with  little  lateral 
tolerance.  Affinities  at  AsA-receptors  correlated  well  with  potencies  as 
vasodilators.   Peptides  inhibitory  or  stimulatory  to  binding  of  agonists  were 
discovered  in  secretions  from  an  Amazonian  hylid  frog.   The  stimulatory  peptide 
adenoregulin  had  the  following  sequence  GLWSKIKEVGKEAAKAAAKAAGKAALGAVSEAV.   It 
appears  likely  that  one  or  more  0-amino  acid  residues  are  present.   Chronic 
caffeine  in  NIH  strain  male  white  mice  results  in  a  reduction  in  locomotor 
exploratory  activity.   The  threshold  for  stimulation  of  locomotor  activity  to 
caffeine  is  lowered  as  are  the  thresholds  for  depressant  effects  of  adenosine 
analogs.   The  depressant  effects  of  nicotine  are  abolished,  while  those  of  a 
muscarinic  agonist,  oxotremorine  are  slightly  reduced.   Thus,  chronic  caffeine 
appears  to  significantly  alter  function  of  central  adenosine  and  cholinergic 
pathways . 
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Interaction  between  second  messengers 
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John  W.  Daly 
Motohiko  Takemura 
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Chief  LBC,  NIDDK 

Visiting  Fellow  LBC,  NIDDK 
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Visiting  Fellow  LBC,  NIDDK 


COOPERATING  UNPTS  0  tnyl 

A.  Weissman  (EIB,  NCI),  P.  Skolnick  (LN,  NIDDK),  M.  Beaven  (LCP,  NHLBI),  C.  Felder  (LCB,  NIMH),  P. 
Blumberg  (LCCTP,  NCI),  V.  Manganiello  (LCM,  NHLBI),  C.  Collin  (NS,  NINDS),  J.  Baumgold  {G. 
Washington  University.  Washington.  D.C.I. 


LAB/BRANCH 

Laboratory  of  Bioorganic  Chemistry 
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Section  on  Pharmacodynamics 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Bethesda,  MP  20892 


TOTAL  STAFF  YEARS: 

3.2 


PROFESSIONAL: 

2.2 


OTHER: 
1.0 


CHECK  APPROPRIATE  BOX(ES) 

D    (a)  Hunnan  subjects 
D    (a1 )  Minors 
D    (a2)  Interviews 


D    (b)  Human  tissues      B    (c)  Neither 


« 


SUMMARY  OF  WORK  fUsa  xfndard  unnducad  typ*.  Do  not  oxcoad  tht  tptc*  pmvidod.l 

Interactions  between  signal  transduction  pathways  involving  calcium  mobilization,  and  pathways  that 
involve  activation  of  protein  tyrosine  kinases  were  studied.  In  NIH  3T3  cells,  the  marine  toxin  maitotoxin 
(MTX),  and  PGF2a  activate  phosphoinositide  breakdown  and  induce  tyrosine  phosphorylation  of  several 
protein  substrates  as  determined  by  immunoprecipitation  of  [^'PJorthophosphate-labeled  cells  with  an 
antiphosphotyrosine  antibody.   Among  the  substrates  subject  to  tyrosine  phosphorylation  after  PGF2o, 
phospholipase  C-y  (PLCk)  was  identified  by  combination  of  immunoprecipitation  with  an 
antiphosphotyrosine  antibody  and  subsequent  immunoblot  with  an  antiphospholipase  C-k  antibody.  The 
stimulation  of  protein  tyrosine  phosphorylation  is  dependent  on  the  presence  of  extracellular  calcium  and  it 
can  be  inhibited  by  the  blocker  of  receptor-operated  calcium  channels  SK&F  96365.  PGF2o-induced 
phosphoinositide  breakdown  is  primarily  attained  through  a  receptor  coupled  to  a  G  protein  which  in  turn 
activates  most  likely  PLC^.  However,  PGF2a-mediated  phosphoinositide  breakdown  is  partially  inhibited  by 
SK&F96365  and  is  reduced  in  the  absence  of  c;^lcium.  These  results  suggest  that  PLCk  may  play  a  role  in 
PGF2o-induced  stimulation  and  are  reminiscent  of  effects  observed  with  growth  factors.  Stimulation  of 
tyrosine  kinase  activity  may  be  involved  in  cell  proliferation  observed  with  PGF2a. 
In  contrast  to  PGF2a,  PGE1  is  inactive  in  stimulating  phosphoinositide  breakdown  in  NIH  3T3  cells. 
However,  PGE1  induces  elevation  of  intracellular  calcium.  Such  response  is  dependent  on  the  presence  of 
extracellular  calcium  and  it  can  be  blocked  by  L-type  channel  blockers  like  nifedipine  and 
methoxyverapamil.  PGE1  also  stimulates  the  accumulation  of  cyclic  AMP  in  these  cells.  The  activation  of 
calcium  influx,  however  was  not  mimicked  by  agents  that  elevate  cyclic  AMP,  like  forskolin  and  IBMX. 
Therefore,    in  NIH  3T3  cells  a  receptor  for  PGE1  is  linked  to  the  opsning  of  an  L-type-like  calcium  channel. 
This  channel  is  not  sensitive  to  depolarization  with  high  concentrations  of  K*,  but  it  can  be  activated  by 
the  dihydropyridine  BAY  K  8644.  This  PGE1 -mediated  regulation  of  a  calcium  channel  represents  a  novel 
mechanism  for  PG  receptor  signalling. 
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PHNOPAL  MVESTIGATOR  (UK  athar  piefntltn^  panomtal  btiew  tf»  Prine^  tnvadgttar.l  INvm.  tUa.  ktemtert,  and  ktatkuta  afmatkn) 

PI:     Louis  A.  Cohen  Chief,  Section  on  Biochem.  Mech.  NIDDK-LBC 

Other:   Catherine  Dong  Visiting  Fellow  NIDDK-LBC 

Albinus  D'Sa  Visiting  Fellow  (term  1/92)  NIDDK-LBC 
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Angeles.  CAt  V.  Labroo.  Seattle.  WA;  D.  Jakobowitz.  NIMH. 


LAB/BRANCH 


Laboratory  of  Bioorganic  Chemistry 


SECTION 

Section  on  Biochemical  Mechanisms 


MST1TUTE  AND  LOCATION 


NIDDK,  NIH,  Bethesda,  Maryland   20892 


TOTAL  STAFF  YEARS: 
0.8 


PROFESSIONAL: 
0.7 


0.1 


CHECK  APPROPRIATE  BOXIESI 

D   (a)  Human  subjects    D    (b)  Human  tissues      £1   (c)  Neither 
D    (a1)  Minors 
D    (a2)  Interviews 


SUMMARY  OF  WORK  lUm  ttandaid  aniwduead  rypa.  Do  not  axemd  tha  apae*  pimidad.l 

In  addition  to  governing  the  release  of  thyrotropin  emd  prolactin  from  the 
pituitary,  TRH  (L-pyroglutamyl-L-histidinyl-L-prolineamide)  is  known  to  exert  a 
wide  variety  of  effects  on  both  the  central  nervous  system  (CNS)  and  the 
cardiovascular  system  (CVS).   TRH  has  shown  promise  in  the  treatment  of  circulatory 
shock  and/or  CNS  ischemic  damage,  as  a  promoter  of  the  regeneration  of  injured 
spinal  antidepressant  and  in  the  amelioration  of  symptoms  associated  with 
amylotrophic  lateral  sclerosis  (ALS).   Analogues  in  which  histidine  has  been 
replaced  by  our  new  amino  acids,  2-pyrrolealanine  and  3-pyrrolealanine,  have  now 
been  synthesized.   These  analogues  are  expected  to  confirm  our  hypothesis  that  the 
multiple  TRH  brain  receptors  fall  into  two  classes,  each  binding  a  different 
tautomer  of  TRH.   Thus,  we  expect  that  the  pyrrole  peptides,  as  stable  analogues  of 
the  respective  TRH  tautomers,  will  each  exhibit  one  or  more  of  the  separate 
activities  of  TRH. 

Two  TRH  analogues-4-N02-Im-TRH  and  2 ,  A-Ij-Im-TRH-have  been  found  to  improve 
behavioral  recovery  following  traumatic  brain  injury  in  rats.   Because  A-NOj-Im-TRH 
has  little  endocrine  activity  and  2 , 4-l2-Im-TRH  has  minimal  cardiovascular  effect, 
these  results  support  the  hypothesis  that  the  neuroprotective  actions  of  TRH  and 
its  analogues  are  independent  of  their  endocrine  or  autonomic  activities. 

Analogues  of  TRH  have  been  prepared  which  contain  thioamide  moieties  in  the 
pyroglutamic  acid  ring,  the  carboxyamide  proline  terminues,  and  in  both  positions. 
The  monothioamide  analogues  are  comparable  to  TRH  in  their  ability  to  release  TSH 
in  vivo  or  in  vitro.   The  second  analogue  shows  a  higher  affinity  for  pituitary 
receptors  than  TRH  itself,  while  the  former  analogue  had  lower  affinity  and  reduced 
selectivity.   Thus,  the  subtle  exchange  of  sulfur  for  oxygen  can  have  a  significant 
impact  on  both  receptor  selectivity  and  affinity  for  a  bioactive  peptide. 

Current  efforts  are  devoted  to  the  synthesis  and  evaluation  of  analogues  of 
TRH  designed  to  meet  the  requirements  of  our  new  concept  of  "ligand-activated 
affinity  labels"  (LAAL's).   Ideally,  such  a  compound  would  block  a  receptor  site 
indefinitely. 
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Y.  Ueno,  Nagoya,  Japan;  W.  Antkowiak,  Poznan,  Poland;  Y.  Talceuchi,  Toyama,  Japan; 
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LAB/BRANCH 

Laboratory  of  Bioorganic  Chemietry 


SECTION 

Section  on  Biochemical  Mechanisms 


INSTITUTE  AMD  LOCATION 


NIDDK,  NIH,  Bethesda,  Maryland   20892 
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0.2 


CHECK  APPROPRIATE  B0X(ES1 
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D   (a1)  Minors 
D   (a2)  Interviews 


SUMMARY  OF  WORK  /Urn  MOndtnl  iMinducmd  Typ*.  Do  not  axcmd  tt»  tp»e»  pmrkhdj 

We  have  aynthesized  a  large  variety  of  test-tube  systems  which  simulate  the 
enzyme-substrate  complex  by  having  the  substrate  frozen  into  a  single,  very 
favorable  conformation  and  by  having  the  interacting  groups  brought  into  the 
closest  possible  juxtaposition  (stereopopulation  control).   These  compounds  undergo 
intramolecular  reactions  at  rates  approaching  those  catalyzed  by  enzymes  (but 
independently  of  any  functional  assistance).   Recent  work  has  involved  a  study  of 
steric  and  electronic  effects  on  NMR  and  IR  spectra  across  tight  space  rather  than 
through  covalent  bonds.   These  results  simulate  the  spectral  perturbations  to  be 
expected  in  a  tight  ES  complex.   The  upper  limit  of  energy-related  steric  crowding 
could  not  be  evaluated,  however,  because  of  inability  to  introduce  the  very  bulky 
iodo  group.   After  considerable  effort,  this  goal  has  been  reached  and  vre  are  now 
attempting  to  introduce  the  trif luorooiethyl  group,  the  last  of  the  bulky 
substituents  planned  for  the  present  series. 

As  part  of  our  studies  of  practical  applications  of  stereopopulation  control, 
we  have  been  exploring  the  use  of  various  derivatives  of  biogenic  amines  and 
antibiotics  as  prodrugs.   The  intent  is  to  facilitate  transport  from  the  gut  to  the 
circulatory  system  to  the  brain  by  temporary  masking  of  charge  within  the  molecule, 
by  improvement  in  lipophilicity  and  by  regeneration  based  simply  on  local  pH 
variation  in  receptor  sites  or  on  local  concentrations  of  potent  reducing  agents. 
Studies  with  o-nitrophenylpropionic  acid  as  potential  "Pro-ProDrugs"  have  made 
significant  headway  with  the  completion  of  the  parent  derivatizing  groups.   To 
date,  these  carriers  have  been  coupled  to  benzylamine,  GABA  methyl  ester,  and  a 
protected  DOPA  derivative.   Preliminary  kinetic  investigations  have  shown  that 
chemical  reduction  of  the  nitro  group  occurs  easily  in  both  series  and  at  the  same 
rate,  while  cyclization  to  the  lactam  (with  release  of  the  group  on  the  acyl 
carbon)  is  indeed  hastened  by  the  presence  of  the  gem-dimethyl  group  on  the  alpha 
carbon. 
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The  past  year  has  seen  the  discovery  of  three  major  new  synthetic  methods:  (1) 
The  totally  specific  electrophilic  dehalogenation  of  2,4-dihaloimidazoles  to  give 
2-haloimidazoles,  thus  making  2-iodohistidine  and  2-iodohistamine  readily  available 
for  antimalarial  studies;  (2)  the  use  of  transient  ylid-carbenes  to  provide  a  route 
to  2-X- imidazoles  not  otherwise  accessible;  (3)  the  development  of  cyclic  urea 
derivatives  of  histidine  and  histamine  in  opening  totally  new  directions  for 
achieving  regiospecif ic  ring  substitution  in  bioimidazoles.   Parallel  studies  are 
under  way  with  cyclic  sulfones  of  these  imidazoles  and  appear  likely  to  provide 
extremely  useful  protection  for  histidine  in  peptide  synthesis.   This  method 
provides  the  first  practical  route  to  mono-  and  dichlorohistidine. 

He  have  now  demonstrated  that  2-nitroimidazoles  are  far  more  reactive 
chemically  than  supposed,  and  that  loss  of  the  nitro  group  follows  both  ionic  and 
radical  pathways.   These  results  provide  the  first  support  for  our  theory  that  2- 
nitroimidazoles  act  as  radiosensitizers  and  cytotoxic  agents  by  affinity  alkylation 
with  imidazole  radicals,  and  not  by  the  generally  assumed  reduction  of  the  nitro 
group  to  the  hydroxylamine  stage. 

Perfluoroalkylimidazoles  have  been  found  to  undergo  facile  nitration  and 
halogenation  without  destruction;  therefore,  methods  are  now  available  to  prepare 
photosensitive  ligands  (azido,  diazo)  and  ligands  labeled  with  radioiodine. 
Perfluoroalkylimidazoles  have  attracted  considerable  attention  because  of  their 
utility  in  providing  lipophilic  sites  in  medicinal  agents  and  because  of  their 
potential  use  as  "ligand-activated  affinity  labels."  These  compounds  are  converted 
by  mild  base  into  perf luoroalkyl  ketones,  which  have  such  reactive  carbonyl  groups 
that  they  may  serve  as  irreversible  affinity  labels  for  bioimidazole-binding  sites 
in  enzymes  and  in  receptors.   Perfluoroalkylimidazoles  are  prepared  by 
photochemical  reaction  or  by  condensation  of  the  imidazole  (or  mercaptoimidazole) 
with  bis ( per f luoroalkanoy 1 ) peroxides . 
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SUMMARY  OF  WORK  (Usa  stanaan  unraouzao  Type  Do  not  axcaaa  tna  spaca  proviaa<3 ) 

Biogenic  amines  play  key  roles  in  neurotransmission,  metabolism,  and  in  control  of  various 
physiological  processes.  Using  a  variety  of  synthetic  methodologies,  including  novel  procedures 
developed  by  us,  we  have  prepared  a  series  of  biogenic  amines  with  fluorine  substituted  at  various 
ring-positions.  By  virtue  of  its  very  small  size  and  high  electronegativity,  fluorine  is  a  very  favorable 
replacement  for  hydrogen  in  these  analogues.  The  biological  properties  and  usefulness  of  these 
ring-fluorinated  biogenic  amines  have  proved  to  be  extremely  rewarding  and  continue  to  find 
applications  in  a  multitude  of  studios,  including  research  on  the  mechanisms  of  transport,  storage 
release,  metabolism,  and  modes  of  action  of  ttiese  amines.  Of  particular  significance  was  the 
discovery  that  6-fluoronorepinephrine  Is  a  selective  a-adrenergic  agonist  and  2-fluoronorepinephrine 
is  a  selective  S-adrenergic  agonist.  Mechanisms  considered  to  explain  these  results  include:  1)  a 
direct  effect  of  the  C-F  bond  on  agonist-receptor  interaction  or  2)  an  indirect  effect  of  the  C-F  bond 
on  the  conformation  of  the  ethanolamine  side-chain.  The  results  of  testing  of  new  analogues 
synthesized  to  prcbe  these  mechanisms  indicate  that  electronic  effects  may  be  more  important  than 
conformational  factors.  Fluorinated  analogues  are  useful  biological  tracers.  For  example,  [^'F] 
labeled  6-fluorodopamine,  the  biological  precursor  to  6-fluoronorepinephrine,  has  been  found  to  be 
an  excellent  scanning  agent  for  peripheral  noradrenergic  innervation. 
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A  large  variety  of  metabolically  important  molecules  exist  as  pairs  of 
tautomers,  in  which  the  major  tautomer  ( Tantotautomer )    is  so  favored  energetically 
over  the  minor  tautomer  (Tenutautomer>  that  the  latter  species  cannot  even  be 
detected  in  the  equilibrium  mixture  by  any  available  spectroscopic  means. 
Nevertheless,  mechanistic  studies  have  revealed  that  the  tenutautomer  is  very  often 
the  "true'  reactant  in  various  chemical  transformations.   He  have  proposed  that  the 
same  phenomenon  may  exist  in  biological  systems,  namely,  that  the  tenutautomers  of 
various  metabolite  may  be  the  "true"  ligeuids  for  some  enzymes  and  receptors.   This 
theory  provides  a  new  pathway  for  substrate  activation;  it  also  leads  to  the 
critical  consequence  that  potential  inhibitors  and  drugs  should  be  designed  as 
analogues  of  the  tenutautomers,  rather  than  the  standard  practice  of  mimicking  the 
tantotautomers .   We  were  very  successful  in  using  this  approach  in  designing 
inhibitors  of  tryptophan  synthase  and  tryptophanase,  and  are  now  applying  the 
principle  to  indole-2,3-dioxygenase. 

Some  years  ago,  we  discovered  a  synthetic  route  to  the  p-hydroxyd ienone 
analogue  of  tyrosine  by  electrolytic  oxidation.   Unfortunately,  this  compound  is 
rather  unstable,  and  we  have  been  exploring  routes  to  more  stable  analogues  of  the 
dienone  tautomer  of  tyrosine.   Several  stable  dienones  have  been  synthesized  and 
are  being  tested  as  inhibitors  of  tyros ine-phenol  lyase.   Bven  more  important 
applications  of  the  principle  involve  the  synthesis  and  testing  of  dienone 
analogues  of  the  catecholamines  and  dihydroxyphenylalanine;  the  synthesis  of  such 
analogues  presents  a  novel  and  unprecedented  challenge.   Studies  have  also  been 
initiated  to  explore  the  synthesis  of  stable  CH  tautomers  of  histidine  and 
histamine,  for  which  we  have  already  established  a  role  in  test-tube  reactions  and 
which  we  believe  to  be  the  true  substrates  in  certain  enzymatic  processes.   Recent 
results  with  histidine-ammonia  lyase  confirm  our  proposal  for  the  involvement  of  a 
histidine  CH-tautomer  as  the  "true"  substrate  for  this  enzyme. 
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Recent  work  in  our  laboratory  has  demonstrated  that  certain  drugs  may  be 
attached  to  well-defined  "carrier"  molecules  and  still  retain  the  ability  to  bind 
to  the  receptor  site  and  effect  biological  activity.   This  synthetic  strategy  for 
the  attachment  of  drugs  to  carriers  is  termed  the  "functionalized  congener" 
approach.   The  "carrier"  molecule  may  be  many  times  larger  than  the  parent  drug; 
indeed  there  is  practically  no  maximum  size  limitation  for  a  fully  potent  analog. 
Unlike  the  prodrug  approach  or  the  immobilization  of  drugs  for  slow  release,  the 
"functionalized  congener"  approach  is  designed  to  produce  analogs  for  which  no 
metabolic  cleavage  step  is  necessary  for  activation.   Moreover,  the  attachement  of 
the  drug  to  a  "carrier"  such  as  a  peptide  may  result  in  enhanced  affinity  at  an 
extracellular  receptor  site  and  an  improvement  in  the  pharmacological  profile  of 
the  parent  drug. 

Purine  derivatives  containing  attached  chains  were  developed  as  functionalized 
congeners  for  adenosine  receptors.   Reporter  groups  such  as  fluorescent  dyes  have 
been  covalently  attached  resulting  in  receptor  probes  of  relatively  high  affinity. 
Sites  for  chain  aerivatization  on  the  structures  of  telenzepine  and  pirenzepine 
(useful  drugs  in  treating  stomach  ulcers  and  as  research  tools  for  the  brain),  two 
selective  muscarinic  antagonists,  have  been  located.   In  a  series  of  amino  alkyl 
derivatives,  it  was  found  that  increasing  the  chain  length  enhances  the  potency  of 
the  derivative  as  a  muscarinic  antagonist.   By  incorporation  of  a  phenyl  iso- 
thiocyanate  group,  chemically  reactive  affinity  labels  for  muscarinic  receptors 
were  developed.   Other  reporter  groups  included  in  the  telenzepine  series  include 
biotin,  p-aminophenylacetyl  (for  preparing  radiotracers  and  photoaf f inity  labeling 
reagents) ,  and  fluorescent  dyes  fluorescein  and  tetramethylrhodamine  (for  locating 
the  receptor  sites  microscopically  and  for  binding  assays  that  do  not  require  the 
use  of  radioisotopes) . 
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The  use  of  radioisotopes  to  label  organic  compounds  for  use  in  diagnostic  nuclear 
medicine  is  well  documented  in  the  literature.   It  has  been  found  that  certain 
radiolabeled  compounds  will  localize  in  the  brain,  heart,  or  in  other  target  organs 
or  tissues  to  a  sufficient  level  to  allow  for  imaging  thereof.   There  has  been 
increasing  interest  in  finding  compounds  which  will  more  effectively  cross  the 
blood-brain  barrier,  thus  facilitating  more  efficacious  imaging  of  the  brain. 

Binding  sites  for  certain  drugs  in  an  animal  or  organ  may  be  localized  as  £  result 
of  the  synthesis  of  high  specific  activity  radiolabeled  analogs  which  have  high 
affinity  for  that  binding  site.   Prosthetic  groups  may  be  attached  to  a  drug  or 
other  receptor  ligand  for  the  purpose  of  efficient  and  selective  chemical  capture 
of  a  particular  radioisotope.   Having  developed  functionalized  congeners  of 
theophylline  and  other  drugs  acting  at  adenosine  receptors,  we  are  now  developing 
prosthetic  groups  for  radioisotopes  such  as  18-F,  123-1,  and  125-1,  to  be  coupled 
to  these  functionalized  drug  molecules.   The  prosthetic  grouos  contain  amino  or 
carboxylic  groupos  which  are  to  be  condensed  covvalently  to  functionalized  drugs  to 
give  conjugates  of  high  affinity  at  a  particular  receptor,  or  drugs  that  bind  the 
label  irreversibly  (trifunctional  reagents) .   Using  a  general  scheme,  we  have 
developed  a  radioiodinated  xanthine  derivative  that  contains  an  isothiocyante  group 
for  covalent  reaction  with  Al-adenosine  receptors. 

Positron  emission  tomography  (PET)  has  been  used  for  imaging  receptors  in  the  brain 
and  other  organs.   A  prosthetic  group  for  chemical  capture  of  18-F  requires  rapid 
and  efficient  reaction  and  purification;  since  the  half  life  is  only  110  minutes. 
We  are  utlilzing  this  approach  to  image  insulin  receptors  in  vivo. 
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SUMMARY  OF  WORK  (Usa  stanOare  unraduceO  type  Do  not  aicaeo  »i»  space  prvMlad ) 

The  extracellular  adenosine  receptor  has  a  modulatory  role  in  the  nervous, 
circulatory,  endocrine,  and  immunological  systems.   The  prospect  of  harnessing 
these  effects  specifically  for  therapeutic  purposes  is  attractive. 


We  have  developed 
vitro  and  in  vivo 
activity  relation 
chemical  modifica 
selective  adenosi 
agents .  To  enhan 
selective  adenosi 
reagent  that  alio 
receptor.  Functi 
antagonists  and  a 
and  as  affinity  1 
characterize  the 


research  tools  for  the  characterization  of  adenosine  receptors  in 
We  have  synthesized  new  drug  analogues  and  elucidated  structure 
ships  at  receptor  subtypes.   Derivatives  of  adenosine  with 
tions  at  the  N6  and  C-2  positions  of  the  purine  ring  act  as 
ne  agonists.   Al-agonists  are  being  explored  as  cerebroprotective 
ce  brain  uptaJce,  prodrug  schemes  are  being  examined.   APEC,  an  A2- 
ne  amine  congener  served  as  the  basis  for  a  photoaf f inity  labeling 
wed  the  first  determination  of  the  molecular  weight  of  the 
onalized  congeners  of  xanthines  act  as  potent  adenosine 
re  being  developed  as  radioactive  tracers  for  adenosine  receptors 
abels.   Tritiated  XAC  (xanthine  amine  congener)  was  used  to 
human  striatal  A2  adenosine  receptor. 


Since  the  two  major  subtypes  of  adenosine  receptors  have  been  cloned  it  has  been 
possible  to  conduct  molecular  modeling  of  the  receptor  protein,  based  on  sequence 
analyses  and  computerized  energy  minimizations.   A  hypothesis  concerning  the  mode 
of  binding  of  ligands  to  adenosine  receptors  has  been  derived.   This  hypothesis  os 
consistent  with  pharmacological  observations  and  site  directed  mutagenesis 
experiments,  in  which  key   histidyl  residues  have  been  replaced  by  other  amino 
acids . 
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SUMMARY  OF  WORK  lUm  Mtandtid  uniwducmd  iyp»  Do  not  oxcatd  tho  «wo*  pimkhd.l 

Radioiodinated  melatonin  (N-acetyl-S-methoxytryptamine)  has  been  in  use  for 
some  years  as  a  tool  in  radioimmune  assay.   The  iodination  by  ICl  occurs  at  C-2  in 
very  poor  yield  and  produces  a  variety  of  other  products,  necessitating  eleiborate 
purification  by  HPLC.   Since  we  had  previously  achieved  the  syntheses  of  2-chloro- 
and  2-bromotryptophan  in  very  good  yield,  \n   undertook  a  reexamination  of  the 
iodination  problem.   Initial  efforts  to  achieve  iodination  of  N-acetyltryptophan 
methyl  ester  were  very  disappointing.   Far  better  results  were  obtained  with  the  N 
trifluoroacetyl  derivative  (65%)  and  further  study  showed  that  the  introduction  of 
all  three  halogens  could  be  readily  achieved  without  the  need  for  the  radical 
generators  used  in  our  earlier  work.   Further  work  demonstrated  that  effective 
halogenation  depends  on  the  degree  of  acidity  of  the  acylamino  NH  group,  with 
trif luoroacetylamino  being  the  most  acidic  of  the  series. 

It  now  became  obvious  that  replacement  of  the  N-acetyl  group  of  melatonin  by 
N-trifluoroacetyl  should  improve  the  iodination  yield  considerably,  and  this 
alternative  is  now  being  explored.   To  our  surprise,  the  N-trifluoroacetyl  analogue 
had  never  been  prepared  and  its  biological  activity,  therefore,  is  not  known.   The 
compound  will  soon  be  evaluated  for  comparison  in  activity  to  the  natural  N-acetyl 
derivative.   N-trifluoroacetylserotonin  is  also  being  prepared  for  parallel 
studies. 

Several  years  ago,  we  made  a  concerted  effort  to  obtain  2-fluoroindoles  by 
halogen  exchange  with  2-bromoindoles,  but  were  unsuccessful.   Direct  fluorination 
by  use  of  new  fluorinating  agents  have  now  been  surprisingly  successful  and  such 
compounds  are  anticipated  to  find  application  as  affinity  labels,  analogues  of 
peptide  hormones  and  PET  scanning  reagents  (since  the  introduction  of  radiolabel 
requires  only  one  step) . 
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SUMMARY  OF  WORK  (Um  tandtrd  unmiucm/  typ*.  Do  net  txeaml  ttf  ipaem  pioridtd.) 

The  13-membered  cyclic  peptide,  H-Tyr-D-Orn-Phe-Asp-NHj  (cyc-Orn-asp) ,  is  a 
potent  mu-selective  opioid  peptide.   Molecular  modelling  of  this  peptide  has 
revealed  considerable  flexibility  in  the  ring  structure,  making  it  difficult  to 
identify  a  single  conformation  which  may  be  biologically  relevant.   In  order  to 
restrict  further  the  conformational  mobility  in  this  peptide  and  others,  we  have 
designed  and  aynthesized  a  novel  acid  based  on  pyrrolidine  (PDA).   This  amino  acid, 
if  used  in  place  of  Orn  or  Lys  for  side-chain-side-chain  cyclization,  is  expected 
to  reduce  considerably  the  conformational  flexibility  in  cyclization,  is  expected 
to  reduce  considerably  the  conformational  flexibility  in  the  macrocyclic  ring  of 
these  peptides  owing  to  the  introduction  of  a  bicyclic  structure.   Moreover,  the 
additional  asymmetric  center  in  the  pyrrolidine  ring  may  introduce  differential 
stereochemical  constraints  to  the  binding  of  diastereoiaomeric  peptidea,  derived 
from  the  corresponding  diastereoisomeric  PDA's.   Thus,  these  peptides  may  act  as 
probes  for  delineating  the  stereochemical  topology  of  the  receptor  in  the  vicinity 
of  the  ring  structure  and  may  have  useful  biological  properties  and  applications. 
Synthesis  in  the  2-pyrrolidinealanine  series  had  been  completed  last  year  and 
parallel  efforts  in  the  3-pyrrolidine  seriea  are  almost  finished. 

Optically  active  amino  acids  are  being  used  increasingly  as  synthona  for  the 
preparation  of  a  variety  of  chiral  compounds.   PDA's  can  be  expected  to  be 
excellent  synthons  for  compounds  such  as  pyrrolizidines  with  the  stereochemistry 
already  defined  at  two  centers.   Furthermore,  these  amino  acids  may  possess 
antimicrobial  or  other  antimetaibolic  activities.   An  efficient  method  for  the 
synthesis  of  all  four  optically  active  stereoisomers  of  2-PDA  has  been  developed. 
These  amino  acids  will  be  used  for  the  preparation  of  novel  bicyclic  opioid  peptide 
analogues. 
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Fluorinated  analogues  of  many  bioorganic  compounds  have  become  important 
pharmacological  and  medicinal  agents.   The  advantages  of  fluorine  substitution 
arise  from  its  small  van  der  Waals  radius  (1.35  A).   As  a  result,  fluorine  bonded 
to  a  trigonal  carbon  is  used  effectively  as  a  C-H  replacement.   Because  of  similar 
aliphatic  C-F  and  C-0  bond  lengths  (1.39  and  1.43  A,  respectively),  the  halogen 
bonded  to  a  tetrahedral  carbon  has  been  used  frequently  as  an  OH  surrogate, 
particularly  in  studies  with  nucleoside  analogues.   These  steric  similarities  allow 
fluorinated  compounds  to  mimic  their  nonfluorinated  parents  with  respect  to 
recognition  by  various  biological  macromolecules  such  as  enzymes,  transport 
proteins  and  receptors.   On  the  other  hand,  the  high  electronegativity  of  fluorine 
(4.0)  can  drastically  alter  electron  density  distribution  in  the  molecule  which,  in 
turn,  affects  pK  values  in  neighboring  groups  and  molecular  dipole  moments.   All 
these  altered  physicochemical  properties,  as  a  result  of  fluorine  substitution,  can 
result  in  drastically  modified  biological  properties  such  as  potency,  transport  and 
receptor  selectivity.   Furthermore,  recent  advances  in  19-F  NMR  and  electron 
energy-loss  spectroscopic  techniques,  and  18-F  positron-emission  tomography  (18-F 
PET),  have  increased  the  significance  and  application  of  fluorinated  molecules  as 
biological  markers  and  diagnostic  agents. 

We  have  used  acetyl  hypofluorite  for  fast,  efficient  and  regiospecific 
introduction  of  fluorine  into  the  phenolic  ring  of  tyrosine  within  its  peptides. 
By  use  of  a  different  fluorinating  agent,  N-f luoropyridinium  triflate,  fluorination 
at  the  C-2  position  of  tryptophan  has  been  achieved.   Extension  of  this  method  to 
tryptophan-containing  peptides  is  in  progress.   Studies  are  under  way  to  determine 
whether  different  fluorinating  agents,  by  virtue  of  differences  in  reaction 
mechanism,  can  achieve  selective  fluorination  of  different  amino  acids. 
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Uracil  reacts  specifically  with  bis(perf luoroalkanoyl)peroxide8  under  radical 
conditions  to  give  perf luoroalkyl  derivatives  at  C-5.   The  latter  compounds  lose 
two  fluorine  atoms  readily  at  pH  8-9  to  form  perf luoroalkyl  ketones,  which  exist  in 
equilibrium  with  tetrahedral  adducts.   Since  the  half-time  for  loss  of  fluorine  is 
ca.  20  min  at  pH  8,  these  compounds  are  potential  irreversible  labels  for 
pyrimidine  recognition  sites  in  vivo.   Under  these  conditions,  the 
perf luoroalkylpyrimidines  are  3-5  times  as  reactive  as  trif luoromethylpyrimidines, 
whose  strong  antiviral  effects  have  been  thoroughly  demonstrated.   The  same  radical 
perfluoroalkylation  can  be  achieved  with  uridines.   Although  the  carbon-fluorine 
bond  is  significantly  more  stable  in  the  nucleoside  series,  conversion  to  ketones 
can  also  be  achieved  with  sulfhydryl  or  cyanide  catalysis.   These  ketones  are 
reducible  to  secondary  alcohols  with  sodium  borohydride.   The  inductive  effects  of 
multiple  fluorine  atoms  renders  the  alcohols  highly  acidic  (uid  readily  capable  of 
forming  strong  internal  hydrogen  bonds  to  functions  at  C-4.   We  anticipate  that 
such  hydrogen  bonding  will  interfere  with  the  intermolecular  hydrogen  bonding 
needed  for  effective  base  pairing  in  polynucleotide  strands.   Thus,  such  compounds 
may  block  cell  division  and  act  as  antiviral  and  anticancer  agents.   Furthermore, 
hydrogen  bonding  to  this  position  has  been  found  essential  for  the  action  of  PRPP 
synthetase. 

Analogous  perf luoroalkyl  groups  have  been  introduced  into  purines,  primarily 
at  C-8;  these  compounds  provide  an  additional  series  of  "preaf f inity"  labels.   Our 
earlier  studies  on  the  chemistry  of  perf luoroalkyl imidazoles  indicated  that  such  a 
group  at  C-8  of  a  purine  should  undergo  loss  of  fluorine  at  physiological  pH  and 
provide,  in  vivo,  a  very  reactive  functional  group  capable  of  bonding  to  a  protein 
or  nucleic  acid  nucleophile.   Current  efforts  involve  the  attachment  of 
dideoxyribose  moieties  to  these  purine  analogues.   All  of  these  compounds  also  have 
the  potential  of  acting  as  inhibitors  of  cytidine  deaminase;  biological  evaluations 
are  in  progress. 
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Our  new  amino  acid,  2-iodo-L-histidine,  is  a  potent  antimalarial  agent  but 
undergoes  rapid  deiodination  in  vivo  by  cysteine  or  glutathione.   The  mechanisms  of 
deiodination  requires  prior  protonation  of  the  imidazole  ring;  thus,  2,4- 
diiodohistidine  is  deiodinated  at  1/10  the  rate  of  2-iodohistidine,  because  the 
second  halogen  reduces  ring  basicity  to  a  significant  degree.   Unfortunately,  the 
second  iodine  introduces  extra  steric  bulk,  which  may  be  the  reason  the  diiodo 
compound  is  biologically  inactive.   But  the  same  reduction  in  basicity  can  be 
achieved  with  much  smaller  groups,  and  this  fact  provides  a  lead  for  new  analogs. 
4-(Trifluoroffiethyl)histidine  has  been  iodinnted  at  C-2,  and  the  large 
trifluoromethyl  group  converted  to  the  very  small  and  very  electronegative  cyano 
group  by  exposure  to  aqueous  ammonia.   While  histidine  and  its  protected 
derivatives  undergo  bromination  and  iodination  with  extreme  ease,  chlorination  has 
always  proved  almost  impossible  to  achieve.  We  have  found  that 

"carbonylcyclohistidine",  the  bicyclic  urea  obtained  by  reaction  of  histidine  ester 
with  carbonyldiimidazole,  undergoes  chlorination  very  easily  to  produce  both  the 
mono  and  dichloro  derivatives.   Iodination  of  the  monochloro  derivative,  followed 
by  acid  hydrolysis,  provides  the  desired  4-chloro-2-iodo-L-histidine.  As  expected 
2-iodo-histidines  containing  strong  electronegative  groups  at  C-4  do  not  undergo 
rapid  deiodination  by  mercaptans. 

Examination  of  space-filling  models  reveals  that  2-iodohistidine  has  a  width 
corresponding  exactly  to  the  diameter  of  the  erythrocyte  membrane  channel,  as 
estimated  from  the  diffusion  rates  of  small  molecules.   The  same  dimension  can  be 
found  in  metabolically  stable  molecules,  such  as  1-isopropyl  and  2- 
isopropylhistidine.   A  program  was  initiated  to  develop  general  synthetic  methods 
for  these  previously  inaccessible  ring-alkylated  histidines  (and  histamines). 
Several  novel  approaches  have  proved  successful,  and  extensive  series  of  1-alkyl 
and  2-al)cylhistidines  are  being  prepared  for  screening. 
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SUMMARY  OF  WORK  (Use  stanaara  unraaucaa  type  Do  not  atceec  ma  space  pioviaaa  } 

A  novel  approach  to  the  design  of  new  antimicrobial  agents  has  been  developed.  The  overal 
purpose  of  the  program  is  the  rational  design  and  synthesis  of  compounds  that  have  combined  anti 
bacterial,  anti-viral  and  anti-fungal  activity.  Specifically  targeted  in  the  rational  design  are  enveloped 
viruses  such  as  herpes  viruses  and  HIV.  These  compounds  have  novel  structural  features  which 
include  a  dimeric  attachment  of  a  known  hydrophobic  antimetabolite  (for  example,  aminoadamantane 
analogues)  through  a  very  hydrophilic  bridge.  These  structural  features  combine  to  provide  the 
potential  for  a  novel  mechanism  for  attachment  of  the  toxic  moiety  to  microbial  organisms.  Thus,  the 
hydrophilic  portion  of  the  molecule  has  a  high  affinity  for  glycoprotein  components  of  the  microbial 
cell  wall.  This  affinity  will  deliver  the  toxic  moieties  to  the  ceil  surface,  providing  a  mechanism  for 
efficient  activity.  For  example,  the  potential  exists  for  inhibition  of  replication  of  such  viruses  as  HIV 
and,  through  the  attachment  of  the  toxic  molecule  to  the  viral  coat,  a  mechanism  for  killing  the  virus 
Compounds  in  the  series  were  found  to  have  potent  activity  against  gram  positive  and  gram  negative 
bacteria,  fungi,  yeast  and  enveloped  viruses.  Such  combined  activity  potentially  could  be  extremely 
useful  in  treatment  of  immunosuppressed  patients. 
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The  Laboratory  of  Molecular  Biology  has  as  its  principal  goal  the  understanding  of 
biological  processes  at  the  molecular  level.  The  research  program  involves  a  broad  range 
of  experimental  approaches  to  problems  in  molecular  genetics,  the  regulation  of  gene 
expression  in  prokaryotes  and  eukaryotes,  and  the  structures  of  nucleic  acids  and  proteins. 
Current  research  includes  studies  of  the  organization  of  DNA  and  proteins  within  the 
eukaryotic  nucleus,  studies  of  the  molecular  mechanisms  for  establishing  and  maintaining 
stable  states  of  gene  expression  during  embryonic  development,  studies  of  site-specific 
recombination  mechanisms  in  a  variety  of  systems  including  retroviruses,  bacteriophage,  and 
the  genes  of  the  immune  system,  and  studies  of  DNA  supercoiling  and  its  regulatory  effects 
as  weU  as  studies  of  the  molecular  mechanisms  used  by  enzymes  responsible  for 
supercoiling.  More  direct  structural  research  includes  studies  on  the  chemistry,  structures 
and  interactions  of  polynucleotides,  calorimetric  studies  of  nucleic  acids  and  proteins, 
investigations  of  molecular  crowding  in  biological  systems,  and  a  large  number  of 
crystallographic  studies  of  the  structures  of  enzymes,  viral  proteins,  and  immunoglobulins. 
Significant  advances  have  been  made  durixig  the  past  year  in  all  of  these  areas. 

Chromatin  Structure  and  Function 

We  have  continued  our  studies  of  chromatin  structure  in  the  neighborhood  of  expressed 
genes.  The  globin  gene  family  in  chicken  erythroid  cells  serves  as  a  model  system  in  which 
it  is  possible  to  study  the  mechanisms  associated  with  regulation  of  the  individual  members 
of  the  family  during  erythroid  development.  We  have  extended  our  studies  of  the  properties 
of  the  general  erythroid-specific  factor  GATA-1.  We  have  shown  that  a  small  peptide 
containing  one  'finger'  region  of  GATA-1  is  capable  of  binding  tightly  and  specifically  to 
its  target  DNA.  Furthermore,  this  region  can  bind  as  either  a  zinc  or  iron  complex, 
suggesting  that  in  some  organisms,  members  of  this  family  might  be  iron  proteins.  We  have 
extended  our  studies  of  stage-specific  erythroid  expression  to  the  chicken  embryonic  o-globin 
gene.  We  find  that  there  is  a  considerable  decrease  in  the  nuclear  concentration  of  two 
trans-acting  factors  that  we  can  show  are  critical  to  stage-specific  expression  of  this  gene, 
and  that  may  account  in  large  part  for  the  difference  in  the  behavior  of  the  promoter  in 
primitive  and  definitive  lineage  cells.  We  also  have  continued  studies  of  the  relationship 
between  transcription  and  chromatin  structure.  We  devised  a  method  of  determining  the 
fate  of  nucleosome  cores  during  transcription  of  nucleosome-covered  DNA.  We  can  show 
that  the  cores  are  displaced  by  the  passage  of  SP6  RNA  polymerase,  but  that  they  reform 
at  sites  elsewhere  on  the  template.  From  the  distribution  of  these  sites,  we  eliminate  several 
proposed  models  for  propagation  of  transcription  on  chromatin  templates,  and  propose  our 
own.  The  results  are  consistent  with  a  medianism  we  had  proposed  earlier. 


Smdies  on  the  Mechanism  of  Genetic  Recombination 

The  major  objective  of  this  project  is  to  tmcovcr  the  molecular  mechanisms  responsible 
for  a  variety  of  genetic  rearrangements.  The  transposition-replication  "reaction  of 
bacteriophage  Mu  is  studied  under  this  projea  as  a  model  system. 

Critical  steps  in  Mu  transposition  are  a  pair  of  DNA  cleavages  and  strand  transfers  which 
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generate  a  branched  DNA  intermediate.  Efficient  formation  of  this  intermediate  requires 
the  phage-encoded  MuA  and  MuB  proteins  and  the  E.  coli-encoded  HU  and  IHF  proteins, 
ATP  and  Mg+  +.  The  MuA  protein  interacts  with  two  distinct  types  of  DNA  sequences, 
one  type  of  sequence  is  from  the  ends  of  the  Mu  genome  while  the  other  hes  at  an  internal 
site  within  the  Mu  operator.  These  interactions  with  the  donor  DNA  lead  to  formation  of 
a  stable  protein-DNA  complex  in  which  the  two  Mu  ends  are  synapsed  by  a  tetramer  of 
MuA.  Next,  a  pair  of  single  strand  cuts  are  made  to  expose  the  3'  ends  of  the  Mu  sequence. 
This  cleaved  donor  DNA  remains  tightly  associated  with  the  MuA  tetramer  and  this 
complex  efficiently  captures  a  second  "target"  DNA  molecule  provided  it  is  bound  by  MuB 
protein.  A  staggered  cut  is  introduced  into  the  target  DNA  and  the  two  5'  ends  are  joined 
to  the  3'  ends  of  the  Mu  end  sequences  in  a  concerted  DNA  cutting  and  joining  reaction. 
Evidence  has  been  obtained  that  this  reaction  takes  place  by  one-step  transesterification 
mechanism. 

The  MuB  protein,  an  ATPase,  selectively  stimulates  utilization  of  intermolecular  target 
DNA  molecules  which  do  not  carry  Mu  end  sequences.  The  MuB  protein  dissociates 
preferentially  from  DNA  molecules  bound  by  MuA  protein  in  a  process  that  depends  on 
ATP  hydrolysis.  Kinetic  aspects  of  this  energy  transduction  system  have  been  studied. 


Studies  of  the  Mechanism  of  Retroviral  DNA  Integration 

Integration  of  a  DNA  copy  of  the  retroviral  genome  into  a  chromosome  of  the  host  cell 
is  an  essential  step  in  the  retroviral  replication  cycle.  The  objectives  of  this  project  are  to 
understand  the  detailed  molecular  mechanism  of  the  integration  reaction  and  to  facilitate 
the  development  of  inhibitors  that  block  this  step  in  the  replication  cycle. 

We  have  previously  shown  that  the  viral  integrase  protein  carries  out  the  central  steps  of 
the  integration  reaction  in  vitro.  Our  recent  work  has  continued  to  focus  on  the  biochemical 
activities  of  the  HIV  integrase  protein.  Integrase  catalyzes  two  distinct  reactions: 
site-specific  cleavage  of  two  nucleotides  from  the  3'  ends  of  the  viral  DNA  and  a  subsequent 
reaction  that  inserts  the  resulting  processed  ends  into  a  target  DNA.  Stereochemical 
analysis  of  these  reactions  supports  the  view  that  they  both  proceed  by  a  one-step 
mechanism,  not  involving  a  covalent  intermediate  between  integrase  and  the  DNA  substrate. 
We  have  analyzed  the  functional  organization  of  HTV  integrase  by  expressing  and  purifying 
mutant  proteins  with  changes  at  selected  amino  acid  positions,  or  deletions  extending  from 
the  N-  or  C-terminus.  Substitution  of  conserved  amino  acids  in  a  central  part  of  the  protein 
that  is  highly  conserved  among  retroviral  integrases  abolished  catalytic  activity,  suggesting 
a  key  role  for  this  part  of  the  protein  in  catalysis.  In  contrast,  a  conserved  motif  near  the 
N-terminus  is  not  essential  for  catalysis,  but  may  be  important  for  protein-DNA  or 
protein-protein  interactions. 

Retroviral  DNA  made  by  reverse  transcription  after  infection  of  a  sensitive  cell  exists  as 
pan  of  a  large  nucleoprotein  complex,  derived  from  the  viral  core.  Although  purified 
integrase  protein  carries  out  the  DNA  cutting  and  joining  steps  of  integration  in  vitro,  some 
aspects  of  the  reaaion  are  not  efficiently  reproduced  with  integrase  alone,  but  are 
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reproduced  when  in  vitro  reactions  are  carried  out  with  complexes  isolated  from  infected 
cells.  We  are  analyzing  such  complexes,  isolated  from  cells  infected  with  Moloney  murine 
leukemia  virus,  to  determine  the  factors  that  contribute  to  this  greater  fidelity. 

Studies  of  Immunoglobulin  Gene  Rftarrangement 

Previous  work  on  antigen  receptor  gene  rearrangement  (V(D)J  recombination)  has 
described  the  signal  sequences  that  are  recognized  and  the  recombined  products,  but  there 
was  no  information  about  the  progress  of  the  reactioiL  It  has  now  become  possible  to  detect 
broken  DNA  molecules  that  may  be  intermediates  in  this  recombination. 

In  the  thymus  of  young  mice,  where  the  T  cell  receptor  6  locus  (TCR5)  is  being  actively 
rearranged,  double-strand  breaks  at  the  D52  and  J51  loci  are  readily  detected  by  Southern 
blotting.  About  2%  of  the  DNA's  is  broken  -  this  is  a  remarkably  high  proportion.  Broken 
molecules  are  found  only  in  thymus  and  not  in  other  tissues  where  TCR6  is  not  undergoing 
rearrangement.  Of  the  two  different  ends  that  should  be  generated  by  each  break,  only  one 
(the  signal  end)  could  be  deterted.  The  coding  ends  may  be  joined  more  rapidly.  These 
results  provide  the  first  direct  support  for  a  breakage  -  reunion  model  of  V(D)J 
recombination. 

In  related  work,  a  physical  assay  has  been  developed  that  allows  the  direct  detection  of 
V(D)J  joining  in  plasmid  substrates,  without  the  need  for  a  biological  enrichment. 

Studies  of  Functions  Involved  in  Genetic  Recombination 

New  results  have  been  obtained  on  enzymes  that  alter  DNA  supercoiling,  and  on  the  role 
of  supercoiling  in  controlling  transcription. 

It  was  previously  shown  that  ATP  binding  site  of  DNA  ^ase  can  be  labeled  bv  an  ATP 
affinity  analog.  However,  two  residues  in  the  Gyr  B  subumt  were  equally  labeled,  lysine-103 
and  lysine-llO.  Mutations  of  these  sites  now  show  that  lysine-103  is  essential,  but  lysine-110 
is  not. 

A  new  topoisomerase  has  been  isolated  fi-om  a  thermophilic  archebacteritmi,  with 
properties  much  closer  to  eukaivotic  topoisomerases  than  to  other  bacterial  enzymes, 
because  it  is  able  to  relax  positively  as  well  as  negatively  supercoiled  DNA,  and  to  work  in 
the  absence  of  divalent  metal  ions. 

Further  studies  of  DNA  relaxation  -  stimulated  transcription  in  E.coli  have  shown  that 
promoter  sites  with  this  property  also  lead  to  transcription  that  reads  through  termination 
signals.  This  readthrough  is  not  found  when  using  purified  RNA  polymerase  in  vitro. 
indicating  the  involvement  of  other  factors. 

Nonheritable  Antibiotic  Resistance  ;. 

We  previously  reported  that  salicylate  (SAL)  decreases  the  LDjo  of  Cd**  in  Escherichia 
coli  by  3-  to  4-fold.  In  order  to  determine  the  bacterial  functions  that  are  required  for  this 
synergy,  we  selected  mutants  (called  Sci-)  whose  susceptibility  to  Cd**  was  not  enhanced 
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by  the  presence  of  SAL  Surprisingly,  5/14  of  these  Sci-  mutants  were  also  cysteine 
auxotrophs.  The  mutations  responsible  for  the  auxotrophies  were  located  in  the  cysB  gene 
as  determined  by  Hfr  mapping  and  by  complementation  with  a  plasmid  carrying  wild-type 
cysB.  The  cysB  mutations  were  shown  to  be  responsible  for  the  Sci-  phenotypes  since 
mutants  that  became  Cys+  by  recombination,  complementation  or  reversion  simultaneously 
became  Sci  + .  Furthermore,  cysB  mutants  that  had  previously  been  isolated  solely  on  the 
basis  of  their  requirement  for  cysteine  were  also  found  to  be  Sci-.  Thus,  a  function  of  cysB 
is  necessary  for  tne  potentiation  of  Cd**  susceptibility  by  SAL.  Since  CVsB  is  a  regulatory 
protein  required  for  transcriptional  activation  of  the  several  operons  of  the  cysB  regulon, 
cysB  mutants  do  not  e;q)ress  at  least  12  other  cys  genes  neeided  to  synthesize  cysteine. 
Mutations  in  5  of  these  cys  genes  did  not  result  in  a  Sci-  phenotype.  Thus,  the  Sci- 
phenotype  is  a  property  of  only  particular  cys  mutations  and  is  not  due  smwly  to  the  inability 
to  synthesize  cysteme.  So  £ar,  the  only  other  cys  mutations  that  render  cells  Sci-  were  found 
in  cysE,  a  gene  whose  function  is  not  under  cysB  control  but  is  required  for  activation  of  the 
Q'sB  protein. 

Since  the  transcription  of  cysB  is  related  by  supercoiling,  we  examined  the  sensitivity 
to  Cd**  of  topA  mutants  whose  DNA  is  highly  supercoiled.  These  cells  were  found  to  be 
hypersensitive  to  Cd**.  Suppression  of  the  topA  mutation  abolished  the  hypersensitivity. 
Cd**  resistant  mutants  were  then  isolated  from  the  topA  cells:  3/5  were  cysB  mutants  and 
were  Sci-.  Thus,  these  effects  of  SAL  and  supercoiling  have  a  common  requirement  for 
cysB.  However,  SAL  did  not  affect  the  transcription  of  either  cysB  or  cysE  as  shown  by 
studies  with  appropriate  cysB/E-lacZ  fusion  strains.  Further  studies  are  necessary  to 
determine  whether  SAL  affects  the  activity  of  CysB  protein.  We  conclude  that  a  function 
under  cysB  control  (which  may  or  may  not  be  involved  in  cysteine  biosynthesis)  is  required 
for  the  potentiation  of  Cd**  sensitivity  by  SAL  and  supercoiling. 

E.  coli  Genes  Whose  Expression  is  Altered  by  Salicyl  Alcohol 

Salicylates,  Hke  heat  shock  and  UV  damage,  induce  a  panoply  of  changes  in  E.coli 
including  (but  not  limited  to):  the  induction  of  resistance  to  certain  classes  of  antibiotics  and 
sensitivity  to  others;  alteration  in  outer  membrane  protein  composition;  and  increase 
sensitivity  to  Cd**.  Some  of  these  effects  may  be  of  the  weak  acid  variety,  but  the  majority 
are  not  as  they  are  also  induced  by  salicyl  alcohol.  In  an  attempt  to  dissect  and  define  the 
action  of  salic^fl  alcohol  on  E.  coli,  we  have  constructed  two  horaries  of  10*  independent 
transpositional  events,  each  containing  the  lac  Z  gene  (with  and  without  translational 
initiation  signals)  inserted  at  random  about  the  E.  coli  genome.  We  are  currently  in  the 
process  of  saeening  these  libraries  for  transpositional  events  in  which  the  lac  Z  gene  is 
mduced  or  repressed  by  salicyl  alcohol  and  in  which  the  resistance  of  nalidixic  add  is  not 
increased  by  salicyl  alcohol.  A  number  of  potential  mutants  have  been  identified  and  we 
are  beginning  to  map  and  characterize  them. 

Thermal  Measurements  of  Biomolecular  Systems 

We  have  re-examined  the  thermodynamic  parameters  we  have  obtained  for  sequence- 
nonspecific  DNA  association  and  sequence-specific  DNA  associations  with  Cro  protem.  The 
association  of  Cro  protein  with  nonspecific  DNA  at  15  °C  has  a  ratio  of  AS  "/AG"  close  to 
the  value  of  the  temperature  dependence  of  the  dielectric  constant  of  water  which  is  as 
predicted  by  simple  electrostatic  theories  of  ion  hydration  (Bom)  and  ion;ASSOciation 
(Bjemim).  Plots  of  AH  vs.  ACp  and  AS"  vs.  ACp  for  the  twenty  association  reactions 
studied  fall  into  two  characteristic  correlation  groups.  These  results  suggest  that  there  are 
at  least  two  distinct  conformational  subclasses  in  specific  Cro-DNA  complexes,  which  are 
stabilized  by  different  combinations  of  enthalpic  and  entropic  contributions.    (With  Y. 
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Takeda  &  C.P.  Mudd). 

In  the  maturation  of  the  capsid  of  bacteriophage  T4,  gp23,  the  protein  primarily 
comprising  the  precursor  shell,  undergoes  proteolysis  to  gp23  and  the  particles  expand  15- 
20%.  We  have  now  investmated  the  mtermediate  states  of  capsid  maturation;  the 
deaved/unexpanded  state  and  the  uncleaved/expanded  state,  by  differential  scanning 
(alorimetrv  (DSC)  and  ciyo-clectron  microscopy.  Combining  these  and  earlier  restilts,  we 
conclude  tnat  the  expansion  of  the  cleaved  precursor  is  the  major  stabilization  in  T4  capsid 
maturation.  (With  A.C.  Steven). 

We  have  complete  i  a  detailed  thermodynamic  analysis  of  ligand-induced  nmltiphasic 
thermal  protein  denaturation.  This  treatment  shows  that  the  nmltiple  peaks  observed  in 
DSC  experiments,  when  ligand  is  in  short  supply,  arises  from  the  substantial  increase  in  the 
free  ligand  concentration  due  to  ligand  released  by  unfolding  protein.  It  is  shown  for  the 
case  of  a  protein  having  two  ligand  binding  sites,  that  the  observed  bimodal  DSC 
thermogram  arises  primarily  form  me  contribution  of  partially  liganded  species  rather  than 
from  iigand-free  and  fully  saturated  native  species  as  is  commonly  believed.  (With  A. 
Shrake). 

Influences  of  Macromolecular  Crowding  on  Biochemical  Systems 

The  high  concentrations  of  macromolecules  within  cells  result  in  large  excluded  volumes, 
potentially  causing  very  large  shifts  in  rates  and  equilibria  of  reactions  involving  other 
macromolecules.  Prior  studies  of  such  macromolecular  crowding  effects  on  DNA  by 
ourselves  and  others  have  been  restricted  to  empirical  studies  of  model  systems,  leaving 
unanswered  basic  questions  about  DNA  function  imder  crowded  conditions.  We  have 
addressed  two  of  those  questions. 

First  we  have  studied  the  effective  volume  of  DNA  and  related  materials  in  crowding 
interactions.  The  two-phase  distribution  assay  for  volume  occupancy  described  earlier  was 
used  to  determine  the  effective  volumes  in  crowding  interactions  of  a  series  of  small  double- 
and  single-stranded  pieces  of  DNA.  Their  behavior  is  fully  consistent  with  a  simple 
theoretical  treatment,  the  available  volume  model,  used  for  predicting  excluded  volume 
effects.  These  results  are  "in  press"  in  Biopolymers. 

Second,  we  are  currently  measuring  the  crowding  effects  of  actual  cellular  material, 
cytoplasmic  extracts  from  E.  coli.  on  a  DNA  test  system.  The  test  system  measures  the  rate 
of  in  vitro  cohesion  of  restriction  fragments  of  X  DNA.  Preliminary  results  indicate 
accelerations  of  at  least  1-2  orders  of  magnitude. 

Chemical  and  Structural  Investigations  of  Nucleic  Acids  and  Related  Molecules 

We  have  shown  that  the  generally  accepted  DNA  triple  helix  structure  proposed  by 
Amott  and  Seising  (1976)  is  mcorrect  in  important  respects  and  have  obtained  a  greatly 
improved  model  supported  by  clear  eimerimental  and  molecular  modeling  evidence.  In 
other  recent  work  on  triple  helices  we  have  shown  that  pyrimidine  third  straods  must  be 
parallel  to  the  purine  strand  (Hoogsteen  pairing).  Proposed  reverse  Hoogsteen  structures 
cannot  be  observed  experimentally  and  are  stereochemically  unsatisfactory.  With  purine 
third  strands  (A  to  A,  G  to  G)  the  opposite  conclusion  was  reached.  Triplexes  can  be 
formed  in  which  two  purine  strands  are  antiparallel  but  cannot  be  formed  if  they  are 
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parallel. 

The  human  telomere  sequence  TTAGGGTTAGGG  fonns  a  single  structure  as  a  12mer 
and  a  24mer  under  defined  conditions,  in  contrast  to  most  of  the  sequences  we  and  others 
have  examined.  By  modeling  we  have  obtained  an  attractive  proposed  structure  in  which 
all  of  the  bases  are  paired.  We  have  synthesized  an  analogous  9mer  for  attempted 
crystallization  and  NMR.  study. 

Though  the  DNA  triple  helices  dC:dG:C*  are  often  referred  to  in  the  literature,  we  have 
foimd  that  they  cannot  De  formed  because  of  competing  formation  of  the  ven'  stable  poly 
dC  acid  helix.  The  same  is  true  when  dCjo  or  dQ  are  used  as  potential  third  strands. 

We  have  prepared  a  Hoogsteen  double  helix  with  parallel  strands  using  only  natural 
nucleic  acid  bases.  Infrared  spectra  in  the  conformationally  sensitive  re^on  from  8000  to 
900  cm'  show  that  the  backbone  conformation  of  the  duplex  is  virtually  identical  to  that  of 
the  corresponding  triple  helix.  We  have  also  prepared  a  "parallel"  DNA  with  reverse 
Watson-Crick  pairing  oy  attaching  Cj  "C  clamps"  to  assure  parallel  structure.  With  certain 
sequences  the  structure  remains  parallel  even  without  the  terminal  C's. 

Aids  Related  Proteins:  Structure  and  Function 

The  crystal  structure  of  Transforming  Growth  Factor  Beta  II  has  been  determined  (see 
below). 

The  HIV  integration  protein  has  been  the  subject  of  isolation  and  purification  procedures 
to  establish  methods  for  the  preparation  of  adequate  protein  for  crystallization  trials. 
Solubility  problems  associated  with  the  original  HTV  I  preparation  have  led  to  a  search  for 
related  proteins  that  are  more  suitable  for  crystallization. 

Three-Dimensional  Structures  of  Cytokines.  Receptors  and  Immune  System  Proteins 

The  crystal  structure  of  Transforming  Growth  Factor-beta  (TGF-beta  2)  has  been 
determined  at  2.1  A  resolution.  The  molecule  is  a  homodimer,  with  each  subunit  having  an 
unusual  structure  of  a  kind  not  previously  observed  in  other  proteins.  Comparison  with  other 
members  of  the  TGF-beta  family  and  with  the  members  of  the  superfamfly  such  as  activins 
and  inhibins  indicate  that  they  probably  adopt  very  similar  structures.  A  preliminary 
identification  of  the  receptor  bmding  site  has  been  made. 

The  crystal  structure  of  the  complex  of  the  FAB  HyHEI^S  with  chicken  lysozyme  has 
been  refined.  Also,  the  structure  of  the  complex  of  this  antibod|y  with  a  mutant  lysozyme 
has  been  determined.  In  the  mutant  an  argiiune  present  in  the  wild  type  has  been  replaced 
by  a  lysine  (R68K).  A  comparison  of  the  mutant  and  the  wild  type  has  been  made  in  order 
to  explain  the  rather  large  effect  of  this  conservative  mutation  on  the  affinity. 

Enzyme  Structure  ; 

The  multi-enzyme  complex,  tryptophan  synthase  from  salmonella  typhimurium,  has  been 
further  analyzed  by  X-ray  diffraaion.  New  very  high  resolution  data  nave  been  measured 
for  a  mutant  of  the  beta  subunit,  in  the  external  aldimine  form  with  the  amino  acids  serine 
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and  tryptophan,  and  these  structures  have  been  refined.  This  analysis  provides  new 
information  about  the  disposition  of  residues  in  the  beta  active  site  and  their  interaction 
with  the  intermediates  of  the  beta  reaction. 

Inhibitor  complexes  of  rhizopus  pepsin  have  been  analyzed  by  X-ray  diffraction  with  a 
view  to  obtaining  more  information  concerning  the  mechanism  of  action.  One  of  these 
provides  a  model  for  the  tetrahedral  intermediate  of  the  transition  state.  Examination  of  the 
contact  distances  of  this  complex  provides  strong  support  for  the  previously  proposed 
mechanism  of  action. 

A  new  method  has  been  presented  for  the  joint  refinement  of  X-ray  and  NMR  data.  This 
method  can  demonstrate  that  only  very  small  differences  between  the  structures  result  from 
the  procedures  tised,  and  can  hi^ilight  real  conformational  differences  caused  by  physical 
differences  such  as  crystal  packing. 

Structural  Studies  of  Molecul;^^  Recognition 

X-rav  diffraction  data  have  been  collected  from  crystals  of  the  Fab  of  CC49,  a  murine 
monoclonal  antibody  against  solid  adenocarcinoma,  and  molecular  replacement  analysis  of 
the  crystal  structure  is  m  progress. 

The  known  structures  of  Fabs  have  been  analyzed  to  determine  which  framework  residues 
need  to  be  preserved  in  the  'humanization'  of'^xenogeneic  antibodies  by  ODR-grafting. 

A  model  of  the  extracellular  portion  of  the  alpha-subunit  of  the  himian  high-affinity  IgE 
receptor  has  been  built. 

The  binding  of  various  viral  and  self  peptides  to  the  murine  class  I  MHC  antigen,  H-2Ld, 
has  been  modelled. 

Study  of  the  Potential  Use  of  Catalytic  Antibodies  Against  Afps 

Three  peptidic  transition-state  analogs  have  been  proposed  from  highly-conserved 
polypeptiae  segments  of  the  HTV-l  envelope  elycoprotem  and  two  of  these  analogs  have 
Seen  synthesized  and  used  as  immunogens  for  tne  production  of  murine  monoclonal 
antibodies.  Several  hundred  hybridomas  have  been  shown  to  bind  to  the  transition-state 
analog  used  for  immunization  and  several  of  these  show  differential  binding  to  the 
transition-state  analog  vs  the  original-sequence  peptide. 
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New  results  have  been  obtained  on  enzymes  that  alter  DNA  supercoiling,  and  on  the  role  of 
supercoiling  in  controlling  transcription. 

It  was  previously  shown  that  ATP  binding  site  of  DNA  gyrase  can  be  labeled  by  an  ATP 
affinity  analog.  However,  two  residues  in  the  Gyr  B  subumt  were  equally  labeled,  lysine-103 
and  lysine-llO.  Mutations  of  these  sites  now  show  that  lysuie-103  is  essential,  but  lysine-110  is 
not. 

A  new  topoisomerase  has  been  isolated  from  a  thermophilic  archebacterium,  with  properties 
much  closer  to  eukaryotic  topoisomerases  than  to  other  bacterial  enzymes,  because  it  is  able  to 
relax  positively  as  well  as  negatively  supercoiled  DNA,  and  to  work  in  the  absence  of  divalent 
metal  ions. 

Further  studies  of  DNA  relaxation  -  stimulated  transcription  in  E.coli  have  shown  that 
promoter  sites  with  this  property  also  lead  to  transcription  that  reads  through  termination 
signals.  Tliis  readthrougn  is  not  found  when  using  purified  RNA  polymerase  in  vitro. 
indicating  the  involvement  of  other  factors. 
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Previous  work  on  antigen  receptor  gene  rearrangement  (V(D)J  recombination)  has  described 
the  signal  sequences  that  are  recognized  and  the  recombined  products,  but  there  was  no 
information  about  the  progress  of  the  reaction.  It  has  now  become  possible  to  detect  broken 
DNA  molecules  that  may  be  intermediates  in  this  recombination. 

In  the  thymus  of  young  mice,  where  the  T  cell  receptor  5  locus  (TCR5)  is  being  actively 
rearranged,  double-strand  breaks  at  the  D52  and  J51  loci  are  readily  detected  by  Southern 
blotting.  About  2%  of  the  DNA's  is  broken  -  this  is  a  remarkably  mgh  proportion.  Broken 
molecules  are  found  only  in  thymus  and  not  in  other  tissues  where  TCRd  is  not  undergoing 
rearrangement.  Of  the  two  different  ends  th.:t  should  be  generated  by  each  break,  only  one 
(the  signal  end)  could  be  detected.  The  coding  ends  may  be  joined  more  rapidly.  These 
results  provide  the  first  direct  support  for  a  breakage  -  reunion  model  of  V(D)J  recombination 

In  related  work,  a  physical  assay  has  been  developed  that  allows  the  direct  detection  of 
V(D)J  joining  in  plasmid  substrates,  without  the  need  for  a  biological  enrichment. 
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The  major  objective  of  this  project  is  to  uncover  the  molecular  mechanisms  responsible  for  a 
variety  of  genetic  rearrangements.  The  transposition-replication  reaction  of  bacteriophage  Mu 
is  studied  under  this  project  as  a  model  system. 

Critical  steps  in  Mu  transposition  are  a  pair  of  DNA  cleavages  and  strand  transfers  which 
generate  a  branched  DNA  intermediate.  Efficient  formation  of  this  intermediate  requires  the 
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The  MuB  protein,  an  ATPase,  selectively  stimulates  utilization  of  intermolecular  target  DNA 
molecules  which  do  not  carry  Mu  end  sequences.  The  MuB  protein  dissociates  preferentially 
from  DNA  molecules  bound  by  MuA  protein  in  a  process  that  depends  on  ATP  hydrolysis. 
Kinetic  aspects  of  this  energy  transduction  system  have  been  studied. 
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We  have  continued  our  studies  of  chromatin  structure  in  the  neighborhood  of  expressed 
genes.  The  globin  gene  family  in  chicken  erythroid  cells  serves  as  a  model  ^stem  in  which  it  is 
possible  to  study  the  mechanisms  associated  with  regulation  of  the  individual  members  of  the 
family  during  erythroid  development.  We  have  extended  our  studies  of  the  properties  of  the 
general  erythroid-specific  factor  GATA-1.   We  have  shown  that  a  small  peptide  containing  one 
finger'  region  of  GATA-l  is  capable  of  binding  tightly  and  specifi<^y  to  its  target  DNA, 
Furthermore,  this  region  can  bind  as  either  a  zmc  or  iron  complex,  suggesting  that  in  some 
organisms,  members  of  this  family  might  be  iron  proteins.  We  have  extended  our  studies  of 
stage-specific  erythroid  expression  to  5ie  chicken  embryonic  /?-globin  gene.  We  find  that  there 
is  a  considerable  decrease  in  the  nuclear  concentration  of  two  trans-acting  factors  that  we  can 
show  are  critical  to  stage-specific  expression  of  this  gene,  and  that  may  accoimt  in  large  part 
for  the  difference  in  the  behavior  of  the  promoter  in  primitive  and  definitive  Uneage  cells.  We 
also  have  continued  studies  of  the  relationship  between  transcrjpf  j^p  and  chromatin  structure. 
We  devised  a  method  of  determining  the  fate  of  nucleosome  cores  during  transcription  of 
nucleosome-covered  DNA.  We  can  show  that  the  cores  are  displaced  by  the  passage  of  SP6 
RNA  polymerase,  but  that  they  reform  at  sites  elsewhere  on  the  template.  From  the 
distribution  of  these  sites,  we  eliminate  several  proposed  models  for  propagation  of 
transcription  on  chromatin  templates,  and  propose  our  own.  The  results  are  consistent  with  a 
mechanism  we  had  proposed  earlier. 
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The  multi-enzyme  complex,  tryptophan  synthase  from  salmonella  typhimurium,  has  been 
further  analyzed  by  X-ray  diffraction.   New  very  high  resolution  data  have  been  measured  for  a 
mutant  of  the  beta  subunit,  in  the  external  aldimine  form  with  the  amino  acids  serine  and 
tryptophan,  and  these  structures  have  been  refined.  This  analysis  provides  new  information 
about  the  disposition  of  residues  in  the  beta  active  site  and  their  interaction  with  the 
intermediates  of  the  beta  reaction. 

Inhibitor  complexes  of  rhizopus  pepsin  have  been  analyzed  by  X-ray  diffraction  with  a  view 
to  obtaining  more  information  concerning  the  mechanism  of  action.  One  of  these  provides  a 
model  for  the  tetrahedral  intermediate  or  the  transition  state.  Examination  of  the  contact 
distances  of  this  complex  provides  strong  support  for  the  previously  proposed  mechanism  of 
action, 

'   A  new  method  has  been  presented  for  the  joint  refinement  of  X-ray  and  NMR  data.  This 
method  can  demonstrate  that  only  very  small  differences  between  the  structures  result  from  the 
procedures  used,  and  can  highlight  real  conformational  differences  caused  by  physical 
differences  such  as  crystal  packing. 
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The  crystal  structure  of  Transforming  Growth  Factor-beta  (TGF-beta  2)  has  been 
determined  at  2.1  A  resolution.  The  molecule  is  a  homodimer,  with  each  subunit  having  an 
unusual  structure  of  a  kind  not  previously  observed  in  other  proteins.  Comparison  with  other 
members  of  the  TGF-beta  family  and  with  the  members  of  the  superfamily  such  as  activins  and 
inhibins  indicate  that  they  probably  adopt  very  similar  structures.  A  preliminary  identification 
of  the  receptor  binding  site  has  been  made. 

The  crystal  structure  of  the  complex  of  the  FAB  HyHEL-5  with  chicken  lysozyme  has  been 
refined.  Also,  the  structure  of  the  complex  of  this  antibody  with  a  mutant  lysozyme  has  been 
determined.  In  the  mutant  an  arginine  present  in  the  wild  type  has  been  replaced  by  a  lysine 
(R68K).  A  comparisr>n  of  the  mutant  and  the  wild  type  has  been  made  in  order  to  explain  the 
rather  large  effect  of  this  conservative  mutation  on  the  affinity. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type   Do  not  exceed  the  space  provided.) 

We  have  shown  that  the  generally  accepted  DNA  triple  helix  structure  proposed  by  Amott 
and  Seising  (1976)  is  incorrect  in  important  respects  an(j  have  obtained  a  greatly  improved 
model  supported  by  clear  experimental  and  molecular  modeling  evidence.  In  other  recent 
work  on  triple  helices  we  have  shown  that  pyrimidine  third  strands  must  be  parallel  to  the 
purine  strand  (Hoogsteen  pairing).  Proposed  reverse  Hoogsteen  structures  cannot  be  observed 
experimentally  and  are  stereochemically  unsatisfactory.   With  purine  third  strands  (A  to  A,  G 
to  G)  the  opposite  conclusion  was  reached.  Triplexes  can  be  formed  in  which  two  purine 
strands  are  antiparallel  but  cannot  be  formed  if  they  are  parallel. 

The  human  telomere  sequence  TTAGGGTTAGGG  forms  a  single  structure  as  a  12mer 
and  a  24mer  under  defined  conditions,  in  contrast  to  most  of  the  sequences  we  and  others  have 
examined.  By  modeling  we  have  obtained  an  attractive  proposed  structure  in  which  all  of  the 
bases  are  paired.  We  have  synthesized  an  analogous  9mer  tor  attempted  crystallization  and 
NMR  study. 

Though  the  DNA  triple  helices  dC:dG:C*  are  often  referred  to  in  the  literature,  we  have 
found  that  they  cannot  be  formed  because  of  competing  formation  of  the  very  stable  poly  dC 
acid  helix.  The  same  is  true  when  dCjo  or  dC^  are  used  as  potential  third  strands. 

We  have  prepared  a  Hoogsteen  double  helix  with  parallel  strands  using  only  natural  nucleic 
acid  bases.  Infrared  spectra  m  the  conformationally  sensitive  region  from  8000  to  900  cm"^ 
show  that  the  backbone  conformation  of  the  duplex  is  virtually  identical  to  that  of  the 
corresponding  triple  helix.   We  have  also  prepared  a  "parallel  DNA  with  reverse  Watson-Crick 
pairing  by  attachmg  C,  "C  clamps"  to  assure  parallel  structure.  With  certain  sequences  the 
structure  remains  parallel  even  without  the  terminal  C's. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type   Do  not  exceed  the  space  provided  ) 

We  previously  reported  that  salicylate  (SAL)  decreases  the  LDj^  of  Cd**  in  Escherichia  coli 
by  3-  to  4-fold.   In  order  to  determine  the  bacterial  functions  that  are  required  for  this  synergy, 
we  selected  mutants  (called  Sci-)  whose  susceptibility  to  Cd**  was  not  enhanced  by  the 
presence  of  SAL.   Surprisingly,  5/14  of  these  Sci-  mutants  were  also  cysteine  auxotrophs.  The 
mutations  responsible  for  the  auxotrophies  were  located  in  the  cysB  gene  as  determined  by  Hfr 
mapping  and  by  complementation  with  a  plasmid  carrying  wild-type  cysB.  The  cysB  mutations 
were  shown  to  be  responsible  for  the  Sci-  phenotypes  since  mutants  that  became  Cys-H  by 
recombination,  complementation  or  reversion  simultaneously  became  Sci  +  .  Furthermore,  cysB 
mutants  that  had  previously  been  isolated  solely  on  the  basis  of  their  requirement  for  cysteine 
were  also  found  to  be  Sci-.  Thus,  a  function  oi  cysB  is  necessary  for  the  potentiation  of  Cd** 
susceptibihty  by  SAL.  Since  CysB  is  a  regulatory  protein  required  for  transcriptional  activation 
of  the  several  operons  of  the  cysB  regulon,  cysB  mutants  do  not  express  at  least  12  other  cys 
genes  needed  to  synthesize  cysteine.  Mutations  in  5  of  these  cys  genes  did  not  result  in  a  Sci- 
phenotype.  Thus,  the  Sci-  phenotvpe  is  a  property  of  only  particular  cys  mutations  and  is  not 
due  simply  to  the  inability  to  synthesize  cysteme.  So  far,  the  only  other  cys  mutations  that 
render  cells  Sci-  were  found  in  cysE,  a  gene  whose  function  is  not  under  cysB  control  but  is 
required  for  activation  of  the  CysB  protein. 


Since  the  transcription  of  cysB  is  regulated  by  supercoiling,  we  examined  the  sensitivity  to 
Cd**  of  topA  mutants  whose  DNA  is  highly  supercoiled.  These  cells  were  found  to  be 
hypersensitive  to  Cd**.  Suppression  of  the  topA  mutation  abolished  the  hypersensitivity. 
Cd**  resistant  mutants  were  then  isolated  from  the  topA  cells:  3/5  were  cysB  mutants  and 
were  Sci-.  Thus,  these  effects  of  SAL  and  supercoiling  have  a  common  requirement  for  cysB. 
However,  SAL  did  not  affect  the  transcription  of  either  cysB  or  cysE  as  shown  by  studies  with 
appropriate  cysB/E-lacZ  fusion  strains.  Further  studies  are  necessary  to  determine  whether 
SAL  affects  the  activity  of  CysB  protein.   We  conclude  that  a  function  under  cysB  control 
(which  may  or  may  not  be  involved  in  cysteine  biosynthesis)  is  required  for  the  potentiation  of 
C^**  sensitivity  by  SAT,  and  stiperrniling 
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We  have  re-examined  the  thermodynamic  parameters  we  have  obtained  for  sequence- 
nonspecific  DNA  association  and  sequence-specific  DNA  associations  with  Cro  protein.  The 
association  of  Cro  protein  with  nonspecific  DNA  at  15 °C  has  a  ratio  of  AS'/AG"  close  to  the 
value  of  the  temperature  dependence  of  the  dielectric  constant  of  water  which  is  as  predicted 
by  simple  electrostatic  theones  of  ion  hydration  (Bom)  and  ion  association  (Bjerrum).  Plots  of 
AH  vs.  ACp  and  AS"  vs.  ACp  for  the  twenty  association  reactions  studied  fall  mto  two 
characteristic  correlation  groups.  These  results  suggest  that  there  are  at  least  two  distinct 
conformational  subclasses  in  specific  Cro-DNA  complexes,  which  are  stabilized  by  different 
combinations  of  enthalpic  and  entropic  contributions.  (With  Y.  Takeda  &  C.P.  Mudd). 

In  the  maturation  of  the  capsid  of  bacteriophage  T4,  gp23,  the  protein  primarily  comprising 
the  precursor  shell,  undergoes  proteolysis  to  gp23  and  the  particles  cjcpand  15-20%.  We  have 
now  investigated  the  intermediate  states  of  capsid  maturation;  the  deaved/unexpanded  state 
and  the  uncleaved/expanded  state,  by  differential  scanning  calorimetrv  (DSC)  and  ayo- 
electron  miaoscopy.  Combining  these  and  earlier  results,  we  conclude  that  the  expansion  of 
the  cleaved  precursor  is  the  major  stabilization  in  T4  capsid  maturation.  (With  A.C.  Steven). 

We  have  completed  a  detailed  thermodynamic  analysis  of  ligand-induced  multiphasic 
thermal  protein  denaturation.  This  treatment  shows  that  the  multiple  peaks  observed  in  DSC 
experiments,  when  ligand  is  in  short  supply,  arises  from  the  substantial  increase  in  the  free 
ligand  concentration  due  to  hgand  released  by  unfolding  protein.  It  is  shown  for  the  case  of  a 
protein  having  two  ligand  binding  sites,  that  tne  observed  bimodal  DSC  thermogram  arises 
primarily  form  the  contribution  of  partially  hganded  species  rather  than  from  ligand-fi^ee  and 
fully  saturated  native  species  as  is  commonly  oeheved.   (With  A.  Shrake). 
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The  high  concentrations  of  macromolecules  within  cells  result  in  large  excluded  volumes, 
potentially  causing  very  large  shifts  in  rates  and  equilibria  of  reactions  involving  other 
macromolecules.   Prior  studies  of  such  macromolecular  crowding  effects  on  DNA  by  ourselves 
and  Others  have  been  restricted  to  empirical  studies  of  model  systems,  leaving  unanswered 
ba^ic  questions  about  DNA  function  under  crowded  conditions.   We  have  addressed  two  of 
those  questions. 

First  we  have  studied  the  effective  volume  of  DNA  and  related  materials  in  crowding 
interactions.  The  two-phase  distribution  assay  for  volume  occupancy  described  earlier  was 
used  to  determine  the  effective  volumes  in  crowding  interactions  of  a  series  of  small  double- 
and  single-stranded  pieces  of  DNA.  Their  behavior  is  fully  consistent  with  a  simple  theoretical 
treatment,  the  available  volume  model,  used  for  predicting  excluded  volume  effects.  These 
results  are  "in  press"  in  Biopolymers. 

Second,  we  are  currently  measuring  the  crowding  effects  of  actual  cellular  material, 
cytoplasmic  extracts  from  E.  coli.  on  a  DNA  test  system.  The  test  system  measures  the  rate  of 
in  vitro  cohesion  of  restriction  fragments  of  A.  DNA.  Preliminary  results  indicate  accelerations 


of  at  least  1-2  orders  of  magnitude. 

In  addition  to  these  experimental  studies,  I  am  writing  a  review  on  macromolecular 
crowding  in  collaboration  with  Allen  Minton  (also  of  NIDDKD)  for  the  1992  edition  of  Annual 
Reviews  of  Biophysics  and  Biophysical  Structure 
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Integration  of  a  DNA  copy  of  the  retroviral  genome  into  a  chromosome  of  the  host  cell  is  an 
essential  step  in  the  retroviral  replication  cycle.  The  objectives  of  this  project  are  to 
understand  the  detailed  molecular  mechanism  of  the  integration  reaction  and  to  facilitate  the 
development  of  inhibitors  that  block  this  step  in  the  replication  cycle. 

We  have  previously  shown  that  the  viral  integrase  protein  carries  out  the  central  steps  of  the 
integration  reaction  in  vitro.   Our  recent  work  has  continued  to  focus  on  the  biochemical 
activities  of  the  HIV  integrase  protein.   Integrase  catalyzes  two  distinct  reactions:  site-specific 
cleavage  of  two  nucleotides  from  the  3'  ends  of  the  viral  DNA  and  a  subsequent  reaction  that 
inserts  the  resulting  processed  ends  into  a  target  DNA.   Stereochemical  analysis  of  these 
reactions  supports  the  view  that  they  both  proceed  bv  a  one-step  mechanism,  not  involving  a 
covalent  intermediate  between  integrase  and  the  DhlA  substrate.  We  have  analyzed  the 
functional  organization  of  HIV  integrase  by  expressing  and  purifying  mutant  proteins  with 
changes  at  selected  amino  acid  positions,  or  deletions  extending  from  the  N-  or  C-terminus. 
Substitution  of  conserved  amino  acids  in  a  central  part  of  the  protein  that  is  highly  conserved 
among  retroviral  integrases  abolished  catalytic  activity,  suggestmg  a  key  role  for  this  part  of  the 
protein  in  catalysis.  In  contrast,  a  conserved  motif  near  the  N-terminus  is  not  essential  for 
catalysis,  but  may  be  important  for  protein-DNA  or  protein-protein  interactions. 

Retroviral  DNA  made  by  reverse  transcription  after  infection  of  a  sensitive  cell  exists  as  part 
of  a  large  nucleoprotein  complex,  derived  from  the  viral  core.  Although  purified  integrase 
protein  carries  out  the  DNA  cutting  and  joining  steps  of  integration  in  vitro,  some  aspects  of 
the  reaction  are  not  efficiently  reproduced  with  integrase  alone,  but  are  reproduced  when  in 
vitro  reactions  are  carried  out  with  complexes  isolated  from  infected  cells.   We  are  analyzing 
such  complexes,  isolated  from  cells  infected  with  Moloney  murine  leukemia  virus,  to  determine 
the  factors  that  contribute  to  this  greater  fidelity. 
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The  crystal  structure  of  Transforming  Growth  Factor  Beta  II  has  been  determined. 

The  HIV  integration  protein  has  been  the  subject  of  isolation  and  purification  procedures  to 
establish  methods  for  the  preparation  of  adequate  protein  for  crystallization  trials.   Solubility 
problems  associated  with  the  original  HIV  I  preparation  have  led  to  a  search  for  related 
proteins  that  are  more  suitable  for  crystallization. 
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X-ray  diffraction  data  have  been  collected  from  crystals  of  the  Fab  of  CC49,  a  murine 
monoclonal  antibody  against  solid  adenocarcinoma,  and  molecular  replacement  analysis  of  the 
crystal  structure  is  in  progress. 

The  known  structures  of  Fabs  have  been  analyzed  to  determine  which  framework  residues 
need  to  be  preserved  in  the  'humanization'  of  xenogeneic  antibodies  by  CDR-grafting. 

A  model  of  the  extracellular  portion  of  the  alpha-subunit  of  the  human  high-affinity  IgE 
receptor  has  been  built. 

The  binding  of  various  viral  and  self  peptides  to  the  murine  class  I  MHC  antigen,  H-2Ld, 
has  been  modelled. 


PHS  6040  (Rev.  5/92) 


239 


DePARTMENTT  OF  HEALTH  AND  HUMAN  SERVtCES  -  PUBUC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  DK  36115-2  LMB 


PERIOD  COVERED 

Ortnher  1.  1991    to   September  30.  1992 


TITLE  OF  PROJECT  (80  characters  or  less    Title  must  fit  on  one  line  between  the  borders  ) 

Study  nf  the  Potential  Use  of  Catalytic  Antibodies  Against  AIDS 


PRINCIPAL  INVESTIGATOR  (List  other  professional  personnel  below  the  Principal  Investigator. 1  (Name,  title,  laboratory,  and  inttilute 

Eduardo  A.  Padlan,  Ph.D.        Visiting  Scientist       LMB/NIDDK 


COOPERATING  UNITS  fif  any) 

Ettore  Appella,  M.D.        Medical  Officer       LCB/NCI         Birgit  A.  Helm,  Ph.D.     Lecturer 
Thomas  J.  Kindt.  Ph.D.    Chief LIG/NIAID UnJv.  of  Sheffield 


LAB/BRANCH 

Laboratory  of  Molecular  Biology /NIDDK 


SECTION 

Section  on  Molecular  Structure 


INSTrrUTE  AND  LOCATION 

NIDDK.  NTH.  Bethesda.  Maryland     20892 


TOTAL  STAFF  YEARS: 
1 


PROFESSIONAL. 
1 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects  D  (b)  Human  tissues    ^  (c)  Neither 
□  ^al)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Use  standard  unreduced  type   Do  not  exceed  the  space  provided 


Three  peptidic  transition-state  analogs  have  been  proposed  from  highly-conserved 
polypeptide  segments  of  the  HIV-1  envelope  glycoprotem  and  two  of  these  analogs  have  been 
synthesized  and  used  as  immunogens  for  the  production  of  murine  monoclonal  antibodies. 
Several  hundred  hybridomas  have  been  shown  to  bind  to  the  transition-state  analog  used  for 
immunization  and  several  of  these  show  differential  binding  to  the  transition-state  analog  vs 
the  original-sequence  peptide. 
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Salicylates,  like  heat  shock  and  UV  damage,  induce  a  panoply  of  changes  in  E.coli  including 
(but  not  limited  to):  the  induction  of  resistance  to  certain  classes  of  antibiotics  and  sensitivity 
to  others;  alteration  in  outer  membrane  protein  composition;  and  increase  sensitivity  to  Cd**. 
Some  of  these  effects  may  be  of  the  weak  acid  variety,  but  the  majority  are  not  as  they  are  also 
induced  by  salicyl  alcohol.  In  an  attempt  to  dissect  and  define  the  action  of  salicyl  alcohol  on 
E.  coli,  we  have  constructed  two  libraries  of  10^  independent  transpositional  events,  each 
containing  the  lac  Z  gene  (with  and  without  translational  initiation  signals)  inserted  at  random 
about  the  E.  coli  genome.   We  are  currently  in  the  process  of  screening  these  libraries  for 
transpositional  events  in  which  the  lac  Z  gene  is  induced  or  repressed  by  salicyl  alcohol  and  in 
which  the  resistance  of  nalidixic  acid  is  not  increased  by  salicyl  alcohol.  A  number  of  potential 
mutants  have  been  identified  and  we  are  beginning  to  map  and  characterize  them. 
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TTTLE  OF  PROJECT   (K)  rti»»nf~    rt  Ic-    Tnk  tnri   Hi  ji  c»»   Ij 

Membranes  and  isecretion 


PRINClPAi.    INVESTIGATOR    O-m  e«J»t   Bmfc»»i<w»l    gtn 


bclo*  J«  Pnnrwi   Imoutti'^  '   (Stjrm    liite.  lahfwiiort.  itf  iwii 


PI:    J.  Wolff 

Others :D.  Sackett 
L.  Knipling 


Associate  Chief 

Expert 
Technician 


CEB.NIDDK 

CEB,  NIDDK 
CEB,  NIDDK 


COOPERATINC    UNITS  fif  mM 

T.   Shiver,   NICHD 


LAB  ■BRANCH 

Clinical   Endocrinology  Branch 


Endocrine   Biochemistry   Sp-rtinn 


iNrrrriTE  and  LOCATlo^ 
NIDDK, NIH.Bethesda,   Maryland     20892 


TOTAL  STAFF  YEARS 


PKOFr.<;siONAi 


CHECK   APPROPRIATE    BOX  tS 


D(a)  Human  subjects     D  (b)  Human  tissues       D(c)  Neither 
DCal)  Minors 
Dra2)  Interviews 


SUMMARY'    OF  WORX   (It   itandjrtf    jifedu<T£     u-pr    [V  nn  e»<ggc  itr  *mcc  pftMdcJ 


This  project  has  been  transferred  to  ZOl  DK  24941  LBP. 
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DEP*RTME>TOf  HEALTH  ATRIUM  AS  SERVICES-  ft  "BLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL    RESEARCH    PROJECT 


PROJECT    NUMRER 


Z01-DKA5016  CEB 


PERIOD   CO\'ERED 

October  1,  1991  to  September  30,  1992 


TTTLE  OF  PROJECT    (W  rt»t»CTtr>    r.  k^i     Tiile  mm-    fn  gt>  <»«    line   >»i»»in   iJ«   brrter^  ■ 

Thyroid  Hormone  Secretion  and  the  Funciton  of  Microtubules 


PRINCIPAL   INVE3T10ATOR    (Lm  ohf  pmfe.i. 


^k^  1>B  PrvMTPil    fawioutii 


(Sairm    ink,  tabonion .   id  — iin^    tffilii 


PI: 

J. 

Wolff 

Others: 

D. 

Sackett 

L. 

Knipling 

G. 

Obi 

M. 

Bifulco 

C. 

Laezza 

Associate  Chief 
Senior  Staff  Fellow 
Technician 
Guest  Worker 
Guest  Worker 
Guest  Worker 


CEB.NIDDK 
CEB,  NIDDK 
CEB,  NIDDK 
CEB,  NIDDK 
CEB,  NIDDK 
CEB,  NIDDK 


COOPEKATINC    UNfTS  fif  »r»i 

Jay  Knutsen,  NHLBI 
J.Thompson,  NIDR 


LAB 'BRANCH 

Clinical  Endocrinology  Branch 


SECTION 

Endocrine  Biochemistry  Section 


INSTITLTE  AND  LOCATION 

NIDDK,  NIH,  Bethesda,  Maryland  20892 


TOTAL  STAFF  YEARS 


PkOFr.SMOSAI 


CHECK   APPROPRIATE    BOX  tS 


D(a)  Human   subjects     D(b)  Human   tissues 

D(al)  Mmors 
D('a2)  Inter\'iews 


D(c)  Neither 


SL^VMARY    of  WORX    A.»   luJiiirT:    iruoluocd     ut»    TV  i 


Project  has  been  transferred  to  ZOl-DK  23900  LBP. 


246 


rHS  «o«  fR.v  jit: 


DEPARTMENT  OF  HEALTH  AND  llltM  AN  SEKVICES- M'BLIC  IIF.ALTH  SERVICE 

NOTICE  OF  INTRAMURAL    RESEARCH    PROJECT 


MtOJECT    NUMRER 


ZOl-nK  45018  CEB 


PERIOD   COVERED 


October  1.  1991  to  September  30.  1992 


TTTLE  OF  PROJECT    O  rtanciff    m  k%t    Tiik  mmt   r«  a^  m   In  l«" 


Adenylate  Cyclase  and  Other  Extrarpllnl  ar  proH.irfg  nf  R Pprriissis 


MUNCIPAJ.   INVESTIGATOR    (Lm-  otte>  pmfe»it«»l    «n 


hckw.  itg  ^finftgi'   trwdntufM  i    fSa 


rtte.  t»bP»»ior>.    m^  pwrtjc    ■ffitanq 


PI:  J.  Wolff 
Others  :   D.  Sackett 
L.  Knipling 


Associate  Chief 

Expert 

Technician 


CEB,  NIDDK 
CEB,  NIDDK 
CEB,  NIDDK 


COOPERATING    Wns  fif  imi 


LAB 'BRANCH 

Clinical  Endocrinnlngy  Rranrh 


SECTION 

Endocrine  Biology  Section 


INSimTE  AND  LOCATION 

NIDDK,  NIH,  Bethesda,  Maryland  20892 


TOTAl.  STAFF  YEARS 


PKOFT-SSIONAI 


CHECK  APPROPRIATE    BOX  ES 


n(a)  Human  subjects     D(b)  Human  tissues       D(c)  Neither 

D(al)  Minors 
□(a2)  Intgnjews 


SLWMARY    OF  WORK   (Itc  iiindjrt    i»vMixT<    u-pc    Dr  nri  tiered  ihe  »i»ct  i»t»  >dej 


This  project  is  inactive  and  has  been  transferred  to  Z01-DK249A2  LBP. 
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DEPARTMENT  Of  HEALTH  AND  HUMAN  SERVCES  -  PUBLIC  HEALTH  SERVICE 
NOTICE   OF  INTRAMURAL   RESEARCH   PROJECT 


PROJECT  NUIyGER 

ZOIDK  45020-16 


I 


PERIOD  COVERED 

October  1,  1991  to  September  30,  1992 


TITLE  Of  PFOJECT     (80  cnaraaen  or  less.   Ttrie  must  m  on  one  line  oerween  trie  boraers.) 

Synthesis  of  Thyroxine  Transport  Proteins 


PRINCIPAL  INVESTCATOfl  (Ust  oiner  professional  personnel  beicw  me  Pnncipai  invesiigaior.)  (Name,  title,  laooratory.  ana  institute  anmaiion) 


PI: 


J.  Robbins 


Others:  L.  Bartalena 
M.  PhyiliaicT 


Chief,  Endocrinology  Section 

Visiting  Associate 
Biologist 


GBB,  NIDDK 

GBB,  NIDDK 
GBB,  NIDDK 


COOPERATING  UNfTS  (it  any) 


Genetics  and  Biochemistry  Branch 


Endocrinology  Section 


INSTITUTE  AND  LOCATK)N  ^fIDDK.  NIH,  Bethcsda,  Maryland  20892 


TOTAL  MAN-YEARS: 


PROfESSONAL: 


CHECK  APPROPRIATE  BOX(ES) 

n    (a)  Human  subjects 
□  (a1)  Minors 
D  (a2)  Interviews 


D    (b)  Human  tissues  D      (c)  Neither 


SUMMARY  OF  WORK    (Use  sranaaro  unreaucea  type.  Do  not  exceea  tne  space  pro^ioea.) 

This  project  has  been  discontinued  and  incorporated  into  Project  No.  ZOl-DK-52016-01  GBB. 


OEPARTMEMT  OF  HEALTH  AND  HUMAN  SERVCES  •  PUBLIC  HEALTH  SERVICE 
NOTICE   OF  INTRAMURAL   RESEARCH   PROJECT 


PROJECT  NUMBER 

ZOIDK  45028- 14 


9 


PERIOD  COVERED 

October  1, 1991  to  September  30, 1992 


TTTLE  OF  PROJECT      (dO  crmrtcrers  or  «fss.   Vtie  muit  m  on  one  line  oerween  rr>e  Doeaers.) 

Thyroid  HormcMie-CclI  Interactions 


PRINCIPAL  INVE  STGATOfl  (ust  other  prolessionn  personnel  oe«w  ffte  Pnncioti  invesriguor.)  (Name,  title.  »Oor»tor/,  tno  institute  atrmanon) 

PI:        J.  Robbins  Chief,  Endocrinology  Section  GBB,  NIDDK 

Others: 


COOPERATING  UNrTS  (it  any) 


Genetics  and  Biochemistry  Branch 


SECTION  Endocrinology  Section 


iNsrrTUTEANOLOCATON  NIDDK.  NIH,  Bcthesda,  Maryland  20892 


TOTAL  MAN- YEARS: 


PROFESSIONAL: 


OTHER: 


CHECK  APPROPRIATE  BOX<ES) 

n    (a)  Human  subjects  D    (b)  Human  tissues  D       (c)  Neither 

□  (al)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK    (Use  sianaara  unreaucea  type    Do  not  exceea  tne  space  proviaea.) 

This  project  has  been  discontinued  and  incorporated  into  Project  No.  ZOl-DK-520 16-01  GBB. 
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DEPARTMEKT  Of  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 
NOTICE   OF  INTRAMURAL  RESEARCH   PROJECT 


PROJECT  NUMBER 

ZOl  DK  45033-08 


PERKX  COVERED 

October  1,  1991  to  September  30, 1992 


TTTLE  OF  PROJECT      (eo  cnaracterz  Of  less.   Vrie  must  m  on  one  line  Between  the  boraers.) 

Mapping  of  TriiodothyiDnine  Responsive  Genes 


PRINCIPAL  WVESTGATOfl  (ust  otner  professional  personnel  eeOw  trie  Principal  investigatof.)  (Name,  title,  uooraiory.  ana  institute  arrwation) 


PI 


V.  Nikodem 


Others:  J.  Lazar 

B.  Desvergne 


Senior  Investigator 

Visiting  FeUow 
Visiting  Associate 


GBB.  NIDDK 

GBB,  NIDDK 
GBB.  NIDDK 


COOPERATNG  UNfTS  (irany) 


LAB/B  RANCH 


Genetics  and  Biochemistry  Branch 


Mechanisms  of  Gene  Regulation 


iNSTfTUTEANDLOcATON  NIDDK,  NM,  Bcthcsda,  Maryland  20892 


TOTAL  MAN-YEARS; 


PROFESSIONAL: 


CHECK  APPROPRIATE  BOX(ES) 

d    (a)  Human  subjects 
□  (a1)  Minors 
D  (a2)  Interviews 


n    (b)  Human  tissues  D      (c)  Neither 


SUMMARY  OF  WORK    (Use  stanaara  unreoucea  type.  Do  rKX  exceea  ine  space  proviaea.) 

Transferred  to  Project  #Z01  DK  52021-01  GBB. 
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DEPAKTMENTOr  HEALTH  AND  Hl'MA>  SERVICES  -  r\<tUC  IIF.ALTH  SCKVICE 

NOTICE  OF  INTRAMURAL    RESEARCH    PROJECT 


PROJECT    NUMBER 


ZOl-DK  4503A  CEB 


PERIOD   COVERED 

October  1.  1991  to  September  30.  1992 


TTTLE  OF  PROJECT   HP  rtumntn   r»  l»<n    Tiik  rUMti   Tii  er  i»»   l»r  >ri» 


Regulation  of  Specific  Rat  Liver  mRNAs  bv  ThvrniH  Hnrmnnp 


PRINCIPAL   IWESTICATOR    (Lm  oMt  wt^mi'jmI    Brt»<»»«l    btlwt  ihr  Prwrgil   bn^uiiiiv  i   (T^ime.  ikk.  btofiion.  ad  »»im«t   ifTili 

PI:      V.  Nikodem  CEB,  NIDDK 


Others:   R.Lippoldt 
J.E.  Rail 
M.K.  Song 
D.  Grieco 


CEB,  NIDDK 
CEB,  NIDDK 
CEB,  NIDDK 
CEB,  NIDDK 


COOPERATISC    UNfTS  (if  «ivi 

Dr.    S.M.   Aloj   and   Dr.    L.   Kohn,   LBM,   NIDDK 


LAB/BRANCH 

Clinical  Endocrinology  Branch 


SECTION 

Hormone  Metabolism  and  Action  Section 


INSrmTE  AND  LOCATION 

NIDDK, NIH.Bethesda,  Maryland  20892 


TOTAL  STAFF  YEARS 


PKorrssiovAi 


CHECV  APPROPRIATE    BOX.Ei. 


n(a)  Human  subjects     D(b)  Human  tissues       D(c)  Neither 
D(al)  Minors 
D(a2')  Interviews 


SUMMARY     OF  WORK   (Ite  iiuiijri    irurtufrj    n-pc    IV  nr.  n(»»i:   i)r  «PicT  tm^  Oc-i  ■ 

This  project  has  been  transferred  to  Z01-DK-52022  GBB. 
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DEPARTIEKT  OF  HEALTH  AND  HUUAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 
NOTICE   OF   INTRAMURAL   RESEARCH   PROJECT 


PROJECT  NUhCER 

ZOl  DK  45038-04 


41 


PERKDD  COVERED 

October  1, 1991  to  September  30, 1992 


TTTLE  OF  PROJECT      (60  cnaracterz  or  less    Tttie  must  tii  on  one  line  eefween  trie  Doners.) 

Molecular  Biology  of  Thyroid  Hormone  Recq>tor 


PRINCIPAL  WVESTGATOfl  (us:  oiner  professional  personnel  Dek>v  me  Principal  investigator.)  (Name,  title,  laoofaiory.  ana  institute  affiliation) 


PI: 


V.  Nikodem 


Others:  E.  Jannini 

P.  Hallenbeck 
R.  Lippoldt 
M.  Phyillaier 


Senior  Investigator 

Guest  Worker 
Staff  Fellow 
Qionist 
Technician 


GBB,  NIDDK 

GBB,  NIDDK 
GBB,  NIDDK 
GBB,  NIDDK 
GBB,  NIDDK 


COOPERATING  UNtTS  (if  any) 


Genetics  and  Biocheniistry  Branch 


Mechanisms  of  Gene  Regulation 


SECTION 


iNST^EANDLocATON  NJDDK,  NTH,  Bcthcsda,  Maryland  20892 


TOTAL  MAN-YEARS: 


PROFESSIONAL: 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 

n    (a)  Human  subjects 
□  (a1)  Minors 
D  (a2)  Interviews 


n    (b)  Human  tissues 


H 


(c)  Neither 


SUMMARY  OF  WORK    (use  stanaara  unreaucea  type.  Do  not  exceec  tne  space  proviaeo.) 

Transferred  to  Project  #Z01  DK  52019-01  GBB. 
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DEPARTICMT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 
NOTICE   OF  INTRAMURAL  RESEARCH   PROJECT 


PfKXECT  NLNyeER 

ZOl  DK  45040-03 


PERK30  COVERED 

October  1, 1991  to  September  30, 1992 


TTTLE  OF  PROJECT      (80  cntraaers  or  less.   Tttle  must  m  on  one  line  between  tne  ooraers.) 

Effect  of  Thyroid  Honnone  on  Synthesis  of  Myelin  Basic  Protein 


PRINCIPAL  INVESTCATOfl  (ust  other  profession*!  personnel  oetow  me  Pnncipti  investigator.)  (Name,  title,  taooraiory.  ana  institute  aftiiiation) 


PI: 


V,  Nikodem 


Others:  A.  Farsctti 
F.  Bogazzi 
D.Pineda 
B.  Dozin-Quarto 


Senior  Investigator 

Visiting  Fellow 
Visiting  Fellow 
Oinical  Associate 
Visiting  Scientist 


GBB,  NIDDK 

GBB,  NIDDK 
GBB,  NIDDK 
GBB,  NIDDK 
GBB,  NIDDK 


COOPERATMG  UNrrS  (it  any) 


Genetics  and  Biochemistry  Branch 


SECTION 


Mechanisms  of  Gene  Regulation 


iNST^EANDLOCATKXj  NIDDK,  NIH,  Bcthcsda,  Maryland  20892 


TOTAL  MAN-YEARS: 


PROFESSIONAL; 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 

n    (a)  Human  subjects 
□  (al)  Minors 
D  (a2)  Interviews 


D    (b)  Human  tissues 


B 


(c)  Neither 


SUMMARY  OF  WORK    (Use  sianaara  unreaucea  type.  Do  not  exceea  me  space  proviaea.) 

Transferred  to  Project  #Z01  DK  52018-01  GBB. 
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DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 
NOTICE   OF  INTRAMURAL  RESEARCH   PROJECT 


PROJECT  NUtyGER 

ZOIDK  45041-02 


PERKJO  COVERED 

October  1, 1991  to  September  30, 1992 


TTTLE  OF  PROJECT      (80  cr>ar9crers  or  less.   Ttrie  musr  m  on  one  line  oetween  rne  Doraers.) 

Regulation  of  Anterc^osterior  Patterning  in  Early  Frog  Development 


PRINCIPAL  WVESTCATOR  (Ust  omer  professional  personnel  oeiov  me  Pnncipai  investigaior.)  (Name.  mte.  laboraioiy,  ana  mstilute  arrmation) 

PI:        S.Sato  Senior  Staff  Fellow  GBB,  NIDDK 


Others:  V.  Agarwal 
S.Witta 


Visiting  Associate 
Visiting  Fellow 


GBB.  NIDDK 
GBB.  NIDDK 


COOPERATtJG  UNfTS  (llany) 

Dr.  WUUam  Hayes,  LDN.  NICHD 


LAB/B  RANCH 


Genetics  and  Biochemistry  Branch 


SECTION 


Mechanisms  of  Gene  Regulation 


;  AND  LOCATION  NJDDK,  NIH,  Bcthcsda,  Maryland  20892 


TOTAL  MAN-YEARS 


PROFESSIONAL: 


OTVCR: 


CHECK  APPROPRIATE  BOX(ES) 

n    (a)  Human  subjects 
□  (a1)  Minors 
D  (32)  Interviews 


D 


(b)  Human  tissues 


D 


(c)  Neither 


SUMMARY  OF  WORK    (Use  stanaara  unreaucea  type.  Do  nor  exceea  tne  space  proviaea  ) 

Transferred  to  Project  Number  ZOl  DK  52020-01  GBB. 
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CM-IC  CA4n  /Dow    MSLAS 


departmevtof  health  and  himan  services-  niBLic  mfalth  sen  vice 

NOTICE  OF  INTRAMURAL    RESEARCH    PROJECT 


PhOJECT    NUMRER 


Z01DKA50A2-02CEB 


PERIOD   COVXRED 

October  1.  1991  to  September  30.  1992 


TITLE  OF  PROJECT   WD  c».i»ncr^   m  Ir^t    Tiilc  i 


The  Role  of  Xenopus-posterlor  (Xpo)  in  Early  Frog  Develnpmpnt 


Clf»    tfl 


PIUNCI?AL    INVESTIGATOR    (U»i  Mhc-  B«rifc««.«il    ari 

PI:  S.  Sato   Senior  Staff  Fellow 


mk.  libpfitor%.  md  — tiije   iffilu 


COOPERATING    UNFTS  fif  awi 

Dr.  Tomsargent,  Laboratory  of  Molecular  Genetics,  NICHD 
Dr.  Christine  Holt,  Department  of  biology  UCSD 


LAB 'BRANCH 

Clincial  Endocrinology  Branch 


SECTIOS 

H 


ormone  Metabolism  and  Action  section 


iNsrrriTE  and  location 
NIH.NIDDK.Bethesda.   Maryland     20892 


TOTAL  STAFF  YEARS 

0 


PKOFrSMONAI 


CHECK  APPROPRIATE    B0X.E5 


D(a)  Human  subjects     D(b)  Human  tissues 

[I](al)  Minors 
n(a2^  Tnter\'iews 


1(c)  Neither 


SUMMARY   OF  WORX  q »  timjirt    imm^ 


ivy    rv  rrt  cicTt^  Jt  jipicr  prr^  tdei 


This  project  has  been  terminated. 
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ANNUAL  REPORT  OF  THE  METABOLIC  DISEASES  BRANCH 
National  Institute  of  Diabetes  and 
Digestive  and  Kidney  Diseases 


The  general  goals  of  the  Branch  are  to  investigate  the 
nechanism  of  action  of  hormones  controlling  ion  transport  and 
mineral  metabolism  and  to  investigate  the  immunological  and-; 
pathological  factors  mediating  kidney  disorders.  The  branch 
currently  includes  sections  of  Mineral  Metabolism  (Dr.  Marx) , 
Endocrine  Regulation  (Acting  Chief,  Dr.  Spiegel),  Renal  Cell 
Biology  (Dr.  Balow) .  Integration  of  these  sections  is  related  to 
common  interests  in  the  pathophysiology  of  metabolic  disorders 
which  interface  with  the  kidney.  Systems  under  study  include 
renal  and  skeletal  tissue,  transgenic  mice,  isolated  cell3 
(kidney  and  parathyroid  in  culture) ,  hormone  receptors  (beta 
adrenergic,  parathyroid  hormone,  calcitonin  and  1,25-dihydroxy- 
vitamin  D)  ,  parathyroid  cell  growth  factors,  and  T  cell  and  B 
cell  function  in  disorders  of  immunoregulation. 

Analysis  of  Hormone  Receptor 

Interactions  with  several  hormone  receptors  regulating 
growth  or  adenylate  cyclase  are  under  study.  Specific  receptors 
have  now  been  identified  on  turkey  erythrocytes,  parathyroid 
cells,  pineal  cells,  rat,  guinea  pig  and  monkey  lung  membrane 
preparations,  bovine  parathyroid  endothelial  cells,  rat 
osteosarcoma  cells  and  rat  liver  membranes.  Control  of  receptor 
biosynthesis  in  isolated  cell  culture  systems  is  being  studied 
with  a  view  toward  gaining  knowledge  about  the  molecular  biology 
of  r-sceptors  and  how  they  are  linked  to  intracellular  response 
systems.  A  new  method  has  been  developed  for  immunocytology  of 
cAMP  and  cGMP  to  study  compartmentalization  of  signal 
transduction. 

Primary  Hyperparathyroidism  and  Familial  Hypercalcemia 

Clinical  studies  are  continuing  on  primary 
hyperparathyroidism  and  its  familial  variants.  Detailed  family 
screening  and  case  findings  have  produced  approximately  85 
kindreds  for  analysis.  These  studies  allowed  segregation  of  the 
most  common  familial  variants  into  two  distinct  disease 
syndromes  -  familial  multiple  endocrine  neoplasia  type  1  (FMEN  I) 
and  familial  hypocalciuric  hypercalcemia  (FHH) .  FHH  was 
distinguished  from  FMEN  I  by  1)  virtually  a  100%  penetrance  for 
hypercalcemia  before  age  20,  2)  milder  clinical  manifestations  - 
low  incidence  of  recurrent  nephrolithiasis  or  recurrent  peptic 
ulceration,  3)  no  hypercalciuria,  4)  normal  basal  concentrations 
of  gastrin,  and  5)  poor  response  to  subtotal  parathyroidectomy. 
Distinction   between   the   two   syndromes,   both   inherited   as 


autosomal  dominant  traits,  is  important  because  in  FHH  the 
clinical  course  is  generally  milder  and  subtotal 
parathyroidectomy  is  less  likely  to  be  beneficial.  In  several 
FHH  kindreds  one  or  more  members  have  exhibited  life-threatening 
primary  hyperparathyroidism  in  the  neonatal  period.  This  may 
result  sometimes  from  a  double  dose  of  the  FHH  gene.  Dispersed 
parathyroid  cells  from  one  severely  affected  neonate  showed  a 
striking  decrease  in  sensitivity  of  PTH  secretion  to 
extracellular  calcixim.  This  disorder  nay  reflect  mutation  in  a 
gene  that  directs  calcium  recognition  in  both  the  parathyroid  and 
renal  tubular  cell 

Familial  multiple  endocrine  neoplasia  type  I  (FMENI)  is  an 
autosomal  dominant  disorder  characterized  by  hyper function  of 
parathyroids,  pancreatic  islets,  and  anterior  pituitary. 
Affected  organs  show  features  suggestive  of  increased 
proliferation.  Virtually  all  subjects  expressing  the  gene  show 
primary  hyperparathyroidism.  Primary  hyperparathyroidism  is 
usually  first  recognizable  between  ages  20-40,  and  it  shows  a 
high  recurrence  rate  after  subtotal  parathyroidectomy 
(approximately  50%  after  10  years) .  We  have  evaluated  multiple 
indices  for  use  in  screening  in  a  very  large  kindred.  We  tested 
221  members  and  newly  identified  16  as  carriers.  Albumin-adjusted 
calcium  and  PTH  were  most  useful;  gastrin  and  prolactin  analyses 
were  not  useful  for  screening  but  showed  promise  in  follov/up  of 
known  carriers.  Analysis  in  this  family  has  revealed  linkage  to  a 
locus  on  the  long  arm  of  chromosome  11.  The  MENl  gene  is  a 
growth  suppressor  gene  like  the  retinoblastoma  gene;  MENl  related 
tumors  are  being  screened  for  loss  of  heterozygosity  at  this 
locus.  Such  loss  of  heterozygosity  has  established  that  most 
parathyroid  tumors  in  FMENI  are  monoclonal.  Tumors  with  small 
deletions  could  speed  identification  of  the  MENl  gene.  Similar 
studies  suggest  that  inactivation  of  the  MENl  gene  also 
contributes  to  neoplasia  in  over  25%  of  sporadic  parathyroid 
adenomas.  [Drs.  Friedman,  DeMarco,  A.  Bale,  Brandi,  Norton, 
Spiegel,  Aurbach,  Marx] 

With  cultured  bovine  parathyroid  cells,  we  found  abnormally 
high  mitogenic  activity  in  plasma  from  23  of  27  subjects  with 
FMENI.  Well-characterized  growth  factors  or  known  parathyroid 
secretagogues  showed  far  less  parathyroid  mitogenic  activity  than 
these  FMENI  plasmas.  The  mitogenic  factor (s)  appears  to  be  a 
protein  of  14,000  mw.  We  have  begun  purifying  this  factor  for 
further  characterization.  We  have  obtained  evidence  that  the 
factor  is  related  to  basic  fibroblast  growth  factor.  [Drs. 
Zimering,  Brandi,  Sakaguchi,  Aurbach,  Marx]. 

Studies  on  noninvasive  and  invasive  nodes  of  localizing 
parathyroid  tumors  continue.  Parathyroid  adenoma  localization 
has  been  evaluated  using  the  new  non-invasive  magnetic  resonance 
imaging  technique  Initial  results  were  disappointing  but  the 
acquisition  of  a  specialized  neck  collar  has  led  to  better 
resolution  in  the  paratracheal  and  mediastinal  areas.  Patients 
are  currently  under  evaluation  with  this  new  technique.  A  high 
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degree  of  success  has  been  obtained  in  localizing  tumors  through 
vascular  catheterization  procedures.  Parathyroid  arteriography 
developed  and  performed  by  Dr.  John  Doppman  afforded,  in 
approximately  450  of  cases  tested,  the  identification  of  abnormal 
masses  of  tissue  proven  at  surgery  to  be  parathyroid.  In  the 
most  difficult  cases,  localization  of  parathyroid  tissue  can  be 
aided  by  identifying  high  concentrations  of  parathyroid  hormone 
by  radioimmunoassay  in  veins  draining  the  lesion.  Fine  needle 
aspiration  is  another  new  method  that  can  obviate  other  invasive 
localization  procedures.  We  have  aspirated  with  guidance  by 
computerized  tomography  or  ultrasound  approximately  20  such 
lesions  that  were  subsequently  confirmed  surgically  as 
parathyroid.  RIA  of  the  aspirates  showed  high  concentrations  of 
PTH  in  all  but  one.  Eight  mediastinal  adenomas  have  been  treated 
nonsurgically  by  percutaneous  injection  via  catheter  of  occlusive 
agents  into  the  arterial  blood  supply  with  7  complete  and  one 
partial  remissions.  [Drs.  Aurbach,  Marx,  Spiegel,  Weinstein, 
NIDDK:  Dr.  Norton,  Fraker  and  Alexander  NCI,  Drs.  Doppman, 
Miller,   and  others,  Diagnostic  Radiology,  CC] . 

Secretion  of  Parathyroid  Hormone 

PTH  secretion  from  parathyroid  glands  iu  vivo  and  cells  in 
vitro  is  controlled  by  intracellular  calcium  and  cyclic  AMP. 
Control  by  calcium  is  altered  in  certain  pathologic  states 
(glandular  adenomas,  carcinomas  and  perhaps  hyperplasia) .  Agents 
that  alter  cellular  cAMP  change  PTH  secretion  in  the  same 
direction.  Calcium  decreases  cellular  cAMP,  but  most  of  its 
effect  to  inhibit  secretion  is  independent  of  changes  in  cellular 
CAMP. 

Calcium  inhibition  of  parathyroid  hormone  secretion  is 
controlled  through  a  complex  set  of  mechanisms.  We  have  shown 
previously  that  classical  voltage-  sensitive  calcium  channels  are 
important  in  controlling  parathyroid  hormone  secretion  and  that 
their  action  is  mediated  through  a  guanine  nucleotide  regulatory 
protein.  It  is  also  known  that  the  growth  of  parathyroid  cells 
is  controlled  by  calcium.  We  have  utilized  a  cloned  rat 
parathyroid  cell  line  (PT-r)  to  study  these  phenomena. 

Parathyroid  hormone  synthesis  and  secretion  is  well 
characterized  to  be  stimulated  by  low  calcium.  However,  there 
are  conflicting  data  about  parathyroid  cell  growth  regulation  by 
calcium.  The  conflict  may  have  derived  from  the  differences  in 
system  and  some  variables  in  each  system.  PT-r  cells  are  clonal 
and  have  been  proven  to  show  negative  regulation  of  growth  by 
calcium.  Previously,  we  reported  that  Pt-r  cells  bear  two  high 
affinity  receptors  for  acidic  FGF  (aFGF) ,  and  that  at  least  a 
subpopulation  of  the  receptors  with  a  higher  molecular  mass 
carries  heparan  sulfate  (HS)  Glycosaminoglycan  chains  which  give 
the  receptor  higher  affinity.  Now  I  have  found  that  the 
parathyroid  cell  express  aFGF,  and  that  aFGF  receptors  with  lower 
affinity   apparently   translocate   in   response   to   changing 
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extracellular  calcium  concentrations.  Expression  of  both  aFGF 
mRNA  and  peptide  is  suppressed  by  calcium.  Cells  have  more 
ligand-accessible  receptors  on  the  cell  surface  at  lover  calcium 
concentrations.  The  apparent  translocation  of  receptors  is 
temperature-dependent  but  independent  of  de  novo  protein 
synthesis.  In  concordance  with  the  apparent  translocation  of 
aFGF  receptors,  thymidine  incorporation  is  stimulated  by 
decreasing  extracellular  calciiim  concentrations  with  further 
stimulation  by  aFGF.  Anti-aFGF  antibody  inhibits  thymidine 
incorporation  by  15%  at  0.7  bM  Ca^"*"  and  by  more  tham  30%  in  the 
cells  exposed  to  low  calcium  shortly  before  adding  ['^H] thymidine. 
An  aFGF  autocrine  system  including  the  apparent  translocation  of 
aFGF  receptors  may  explain  the  mechanism  through  which 
parathyroid  cell  growth  is  regulated  by  calcivm.  [Dr.  Sakaguchi] 

Vitamin  D  Resistance  and  Related  Disorders 

The  role  of  1,25(0H)2D3,  the  most  potent  natural  metabolite 
of  vitamin  D,  has  been  assessed  in  hypocalcemic  states.  This 
very  rapidly  acting  drug  has  simplified  the  management  of 
hypocalcemia  following  parathyroidectomy:  during  this  time 
skeletal  remineralization  imposes  large  but  rapidly  diminishing 
requirements  for  calcium. 

We  have  evaluated  patients  with  extreme  resistance  to 
1,25 (OH) 2D.  This  can  be  a  transient  state  as  following 
parathyroidectomy  or  a  permanent  state  as  in  familial  cases.  We 
have  evaluated  20  patients  with  familial  resistance  to 
1,25 (OH) 2D.  Most  patients  have  hypocalcemic  rickets,  usually  with 
associated  total  alopecia.  The  alopecia  is  associated  with  the 
highest  grades  of  resistance  to  1,25(0H)5D,  implicating 
calcitriol  in  physiology  of  the  hair  follicle.  Mineral 
homeostasis  is  usually  improved  by  treatments  that  sustain 
1,25 (OH) 2D  levels  at  10-100  times  normal.  Intestinal  response  to 
1,25 (OH) 2D  can  be  documented  repeatedly  with  a  new  stable  isotope 
technique  [Drs.  Yergey,  Viera,  Marx]. 

Specific  intracellular  defects  have  been  evaluated  using 
cultured  skin  fibroblasts  from  these  patients.  With  skin 
fibroblasts  cultured  from  normals,  properties  of  the  1,25(0H)2D- 
receptor  can  be  identified  by  binding  in  soluble  extracts,  by 
nuclear  uptake  of  hormone  with  intact  cells,  or  by  elution  of 
occupied  receptor  from  DNA-cellulose.  Fibroblasts  from  patients 
with  familial  resistance  to  1,25 (OH)  2  have  shown  a  spectrxim  of 
defects  including  nonfunctional  receptors,  diminished  numbers  of 
receptors,  and  receptors  with  decreased  hormone  binding  affinity. 
Among  cases  with  normal  hormone  binding  sites  on  the  receptors 
some  show  receptors  with  deficient  binding  to  nucleus  while 
others  show  normal  binding  to  nucleus  but  abnormal  interaction 
with  nonspecific  DNA  (as  DNA-cellulose) .  Cellular  action  of 
1,25(0H)2D3  can  be  analyzed  by  measuring  its  induction  of  the 
25(OH)D  24-hydroxylase  enzyme  system.  Cultured  skin  fibroblasts 
from  all  patients  with  hereditary  resistance  to  1,25 (OH) 2D 
exhibit  defects  in  this  induction.     Immunocytology  reveals 
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multiple  rapid  steps  of  reorganization  of  vitamin  D  receptors 
after  calcitriol  addition.  Specific  disruptions  in  these  steps 
can  be  imaged  in  mutant  cells  from  patients.  Four  different 
homozygous,  point  mutations  in  the  gene  for  the  Vitamin  D 
receptor  have  so  far  been  identified  as  the  cause  of  this 
disorder  in  six  kindreds.  [Drs.  Marx,  Barsony,  MDB,  NIDDK;  Dr. 
Liberman,  Israel;  Drs.  Pike  (Baylor)  and  DeLuca  (Madison). 

Fibroblast  lines  from  patients  with  hereditary  extreme 
resistence  to  l,25(OH)2D3  are  being  used  to  probe  for  normal 
functions  of  the  l,25(OH)2D3  receptor.  We  have  shown  that 
l,25(OH)2D3  can  elevate  intracellular  cyclic  GMP  very  rapidly 
(within  1-3  minutes) .  This  response  showed  affinity  and  analog 
specificity  characteristic  of  the  l,25(OH)2D3  receptor  and  was 
absent  in  all  "mutant**  fibroblast  lines  although  they  retained  a 
rapid  cGMP  response  to  nitroprusside  and  to  androgens.  Thus  a 
l,25(OH)2D3  receptor  mediates  this  rapid  response.  Immunocytology 
revealed  that,  after  l,25(OH)5D3  addition,  cGMP  accumulates 
rapidly  about  the  reorganizing  vitamin  D  receptors  [Drs.  Barsony, 
Marx] . 


260 


KIDNEY  DISEASE  SECTION 

The  Kidney  Disease  Section  conducts  parallel  clinical  and 
laboratory  research  centered  on  hvunan  glomerular  diseases, 
experimental  models  of  immune-mediated  renal  disorders, 
mechanisms  of  immunosuppression,  and  normal  biology  of  various 
types  of  kidney  cells.   Patient  and  animal  tissues  are  used  to 
study  pathogenetic  mechanisms,  primarily  involving  immune 
functions,  cytokines  and  growth  factors.   The  effects  of  various 
immunosuppressive  drugs  at  the  level  of  gene  regulation  and 
transcription  and  novel  immunosuppressive  drug  therapies  which 
might  have  salutary  effects  on  the  course  of  lupus  nephritis  and 
membranous  nephropathy  are  under  study. 

Immunopathoaenesis  of  glomerulonephritis. 

Murii.e  models  are  being  utilized  to  investigate  the 
different  components  of  lupus  nephritis.   The  modulating  effects 
of  cyclophosphamide  on  immune  responses  in  normal  mice  and  on  the 
renal  lesions  of  nephritic  mice  are  being  investigated.   Studies 
of  differences  among  the  murine  strains  have  provided  new 
approaches  to  study  of  the  diverse  manifestations  and  response  to 
treatment  of  human  lupus  nephritis.  (Austin,  Patel,  Balow) . 

Regulation  of  lymphocyte  gene  expression. 

Dysregulated  cell  mediated  immune  responses  are  present  in 
subjects  with  most  forms  of  glomerulonephritis.   Studies  of  the 
mechanisms  of  control  of  B  and  T  cell  activation,  including 
regulation  of  immunoglobulin  and  cytokine  genes  by  nuclear 
factors  are  being  pursued.   Special  emphasis  is  placed  on  studies 
of  the  effects  of  various  immunoregulatory  agents,  such  as 
corticosteroids,  cyclosporine,  and  cyclophosphamide.   (Boumpas, 
Paliogianni,  Ahuja,  Balow). 

Proliferative  lupus  nephritis. 

Previous  studies  have  shown  that  intermittent  pulse 
cyclophosphamide  therapy  is  superior  to  conventional  prednisone 
in  management  of  lupus  nephritis,  but  no  direct  comparisons  of 
pulse  corticosteroids  and  pulse  cyclophosphamide  have  been 
performed.   In  a  recently  completed  and  analyzed  long-term 
clinical  trial,  patients  with  proliferative  lupus  nephritis  were 
treated  with  pulse  methylprednisolone  or  pulse  cyclophosphamide 
to  compare  these  two  types  of  drugs  and  to  assess  whether 
intensity  or  duration  of  cyclophosphamide  therapy  is  more 
important  in  stabilizing  the  renal  disease. 

In  patients  with  severe  lupus  nephritis  manifested  by  renal 
function  impairment  and  or  highly  active  renal  pathology  an 
extended  course  of  pulse  cyclophosphamide  was  significantly  more 
effective  than  pulse  methylprednisolone  in  reducing  the  risk  of 
progressive  renal  failure;  moreover,  a  regimen  of  monthly  pulse 
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cyclophosphamide  over  6  months,  followed  by  quarterly  maintenance 
treatments  significantly  reduced  the  probability  of  major 
exacerbations  of  lupus,  compared  to  a  6  month  course  of  pulse 
cyclophosphamide  alone.   Thus,  evidence  from  this  controlled 
trial  indicates  that  intermittent  pulse  methyl prednisolone  does 
not  match  pulse  cyclophosphamide  in  the  management  of  severe 
proliferative  lupus  nephritis. 

This  work  on  lupus  nephritis  has  attracted  national  and 
international  attention.   Dr.  Balow  has  been  invited  to  present 
thitr   work  at  the  American  Society  of  Nephrology  in  November  1991, 
to  deliver  a  lecture  on  the  subject  to  the  British  Renal 
Association  in  April  1992,  and  to  lead  a  symposium  on  treatment 
of  lupus  nephritis  at  the  Canadian  Society  of  Nephrology  in 
September  1992. 

Immunologic  studies  of  changes  in  lymphoid  cell  function  by 
the  various  drug  regimens  are  being  pursued  to  identify 
techniques  which  will  maximize  efficacy  and  to  improve  monitoring 
of  drug  treatment.  (Balow,  Austin,  Boumpas,  MacKay) . 

Meinbranous  nephropathy. 

Membranous  nephropathy  is  associated  with  substantial 
cardiovascular  morbidity  from  nephrotic  syndrome  and  causes  an 
insidious  loss  of  renal  function  in  patients  with  lupus  and  in 
those  patients  with  idiopathic  forms  of  this  disease. 
Preliminary  evidence  indicates  that  the  immunopathogenesis  of 
membranous  nephropathy  is  distinct  from  that  of  most 
proliferative  forms  of  glomerulonephritis.   Current  protocols 
involve  examination  of  the  pathophysiology  and  histopathology  of 
the  glomerular  lesions  in  membranous  nephropathy,  as  well  as 
evaluation  of  the  comparative  efficacy  of  prednisone, 
cyclophosphamide  and  cyclosporin  A  in  patients  idiopathic  and 
lupus  related  forms  of  this  renal  disease.  (Balow,  Austin, 
MacKay) . 

Transforming  growth  factor  and  glomerular  reactions. 

The  mechanisms  responsible  for  normal  growth  and  for 
pathogenic  cellular  reactions  within  the  glomerulus  are  poorly 
understood.   The  signal  transducing  agent,  transforming  growth 
factor-beta  (TGF-^) ,  has  a  complex  interaction  with  glomerular 
-cells.   Studies  are  underway  to  characterize  the  nature  of  the 
receptors  for  this  growth  factor  on  glomerular  cells.   Several 
parameters,  such  as  proliferation,  fibronectin  secretion  and 
proteoglycan  synthesis,  will  be  used  to  evaluate  the  responses  of 
these  cells  to  binding  of  TGF-^.   Studies  of  factors  which 
regulate  TGF-^  receptors  are  underway.   Information  learned  from 
these  experiments  should  facilitate  studies  of  the  role  of  the 
TGF-^  ligand  and  its  receptors  in  experimental  models  of 
glomerulonephritis.   (MacKay). 
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RENAL  CELL  BIOLOGY  SECTION 
Studies  of  the  pathogenesis  of  glomerulosclerosis 

The  renal  cell  biology  section  is  interested  in  the  cellular 
and  molecular  mechanisms  leading  to  glomerular  scarring,  the 
emphasis  being  on  non-immune  diseases.  The  kidney  disease  of 
diabetes  mellitus  is  the  major  disease  studied.  Our  hypothesis  is 
that  glomerulosclerosis  results  from  abnormalities  in  the  rate  of 
proliferation  and  matrix  turnover  by  resident  glomerular  cells. 
This  is  being  investigated  in  vitro,  using  clonal  lines  of 
glomerular  cells,  and  in  vivo  using  transgenic  mice.  We  have 
developed  a  new  technique  to  quantitatively  study  the  synthesis  and 
degradation  of  glomerular  mati ix  components  in  vivo.  The  method 
consists  of  microdissection  of  single  mouse  and  human  glomeruli, 
reverse  transcription  in  situ.  This  was  followed  by  the 
polymerase-chain  reaction  (PCR) .  We  have  developed  a  method  to 
quantitate  PCR,  so  that  we  can  examine  the  relative  amounts  of  the 
different  mRNAs  coding  for  the  various  basement  membrane  collagens 
and  the  enzymes  t.lat  degrade  collagens.  This  technicpie  is  now 
being  applied  to  extracellular  matrix  turnover  in  glomeruli  of  mice 
transgenic  for  growth  hormone  and  to  human  glomeruli  obtained  from 
nephrectomy  specimens.  Current  investigators  are:  L.  Striker,  G. 
Striker,  T.  Doi,  E.  Peten,  S.  Elliot,  M.  Carome,  C.  Pesce,  K. 
Schmidt,  and  C.  Yang. 

I.   Glomerulosclerosis 

A.   In  Vivo  Studies. 

1.  Mice  transgenic  for  GH;  We  found  that  mice 
transgenic  for  GH  develop  severe  glomerulosclerosis  leading  to 
kidney  failure,  and  that  they  had  a  disproportionate  increase  in 
the  size  of  the  glomeruli.  Thus,  GH  may  have  effects  in  addition 
to  those  on  cell  number.  We  found  an  increase  in  mRNAs  coding  for 
collagen  types  I  and  type  IV  in  glomeruli,  using  a  method 
consisting  of  microdissecting  mouse  glomeruli  followed  by  a 
quantitative  analysis  of  polymerase  chain  reaction  products.  We  are 
now  investigating  mice  transgenic  for  mutated  GH  species  in  which 
body  size  and  glomerulosclerosis  are  regulated  in  an  independent 
manner.  Study  of  the  glomerular  changes  in  these  mice  may  lead  to 
further  understanding  of  the  pathogenesis  of  glomerulosclerosis 
(L.  Striker,  E.  Peten,  D.Yang,  G.  Striker) 

2.  Nonobese  diabetic  fNOD)  mice;   NOD  mice  develop 

autoimmune  ('iabetes  mellitus.    We  compared  glomerular  size, 

morphology,  composition  of  the  sclerotic  extracellular  matrix,  and 

-urine  protein  excretion  rate  in  mice  before  and  after  the  onset  of 

diabetes  mellitus.  An  increase  in  glomerular  size,  mesangial 
sclerosis,  and  proteinuria  rapidly  followed  the  onset  of 
hyperglycemia.  We  are  synchronizing  the  onset  of  clinical  diabetes 
mellitus  with  streptozotocin  injections  and  assessing  matrix 
synthesis  in  isolated  glomeruli,  and  total  kidney.  These  mice 
could  provide  a  good  model  of  nephropathy  in  a  genetically 
determined  model  of  type  I  diabetes  mellitus.  (T.  Doi,  D.  Yang, 
L.  Striker,  G.  Striker) 
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3 .  Expression   of   genes   coding   for   collaaens   ^prf 

degradative  enzymes  in  Human  Glomeruli 
We  have  begun  to  measure  gene  expression  of  several  genes  involved 
in  glomerulosclerosis  in  human  microdissected  reverse-transcribed 
glomeruli,  using  competitive  PCR.  In  patients  with  and  without 
glomerulosclerosis,  we  have  begun  comparisons  of  mRNAs  coding  for 
1)  the  al,  a2,  a3  chains  of  type  IV  collagen;  and  2)  The  tissue 
inhibitors  of  metalloproteinases,  TIMP  I  and  TIM?  II.  These 
species  are  all  present  in  higher  eunounts  in  sclerotic,  compared  to 
normal  glomeruli.  This  method  provides  the  first  quantitative 
means  to  study  the  2unounts  of  types  of  molecules  responsible  for 
the  molecular  events  leading  to  glomerulosclerosis  in  man.  (L. 
Striker,  G.  Striker,  E.  Peten,  M.  Carome,  D.  Yang,  S.  Elliot). 

4.  Kidney  disease  in  diabetic  Pima  Indians.  We  have 
undertaken  a  retrospective  study  of  the  glomerular  lesions  in 
diabetic  Pima  Indians.  We  developed  morphometric  methods  to 
measure  glomerular  size  to  determine  whether  glomerulosclerosis  is 
associated  with  hypertrophy.  We  found  that  Pima  Indians  have  large 
glomeruli,  and  that  glomerular  size  in  Pimas  with  diabetes  mellitus 
did  not  differ  from  non-diabetics.  The  size  of  glomeruli  in 
African  Americans  and  Caucasians  was  also  determined,  utilizing 
forensic  autopsies.  Glomerular  size  paralleled  the  incidence  of 
endstage  kidney  disease  in  these  populations,  i.e.,  Pima>African 
Americans>Caucasians.  (L.  Striker,  P.  Bennett,  G.  Striker,  C. 
Pesce,  K.  Schmidt) 

5.  Ablation  model.  Subtotal  nephrectomy  in  rats  is  a 
well-studied  model  of  progressive  glomerulosclerosis.  Analyzing 
the  early  cellular  events  that  may  lead  to  glomerular  scarring,  we 
found  an  increase  in  glomerular  cell  turnover  which  occured  weeks 
before  there  was  an  increase  in  extracellular  matrix  deposition. 
(L.  Striker,  C.  Pesce,  G.  Striker) 

B.   In  vitro  Studies. 

1.  Murine  and  human  glomerular  cells;  We  have 
developed  lines  of  mouse  epithelial,  mesangial,  and  endothelial 
cells  from  normal  mice  and  from  several  strains  of  transgenic  mice 
and  have  been  investigating  their  response  to  growth  peptides  and 
advanced  glycosylation  endproducts.  Mesangial  cells  synthesize 
collagen  types  IV  and  I  as  well  as  metalloproteinases  I  and  their 
inhibitor  (TIMP  I).  When  these  cells  are  exposed  to  advanced 
glycosylation  endproducts,  there  is  a  rapid  increase  in  collagen 
synthesis,  providing  evidence  that  these  products  may  be  one  cause 
of  glomerulosclosis  in  diabetes  mellitus.  (T.  Doi,  S.  Elliot,  M. 
Carome,  E.  Peten,  L.  Striker,  G.  Striker) 

2.  Analysis  of  lines  of  mesangial  cells  from  mice  that  develop 
glomerulosclerosis:  We  developed  mesangial  cell  lines  from  from 
NOD  mice  and  from  mice  transgenic  for  bovine  growth  hormone.  We 
are  examining  their  cell  cycle  and  synthesis  of  extracellular 
matrix.  We  found  phenotypic  changes,  and  postulated  that  one  cause 
of  the  glomerulosclerosis  was  related  to  this  change.  (L.  Striker, 
T.  Doi,  E.  Peten,  M. Carome  S.  Elliot,  G.  Striker) 
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It  is  the  purpose  of  this  project  to  study  the  secretion, 
function,  and  mechanism  of  action  of  parathyroid  hormone,  its 
relationship  to  human  disease,  and  to  develop  clinically  useful 
tests  for  circulating  parathyroid  hormone.  From  these  studies  it 
is  expected  that  one  can  understand  the  pathophysiology  of 
certain  metabolic  diseases  of  bone  and  endocrine  disturbances. 
The  entire  structures  of  bovine,  porcine,  rat  and  human 
parathyroid  hormone  have  been  determined.  Synthetic  polypeptides 
representing  bovine  rat  and  human  parathyroid  hormone  have  been 
synthesized.  These  molecules  show  all  the  biological  properties 
of  the  native  hormonal  polypeptides.  Highly  sensitive 
radioimmunoassays  for  the  hormone  have  been  developed  and  are 
being  modified  further  for  improved  clinical  diagnostic 
parameters.  Studies  show  that  the  mechanism  of  action  of  the 
hormone  is  mediated  through  direct  hormonal  activation  of 
adenvlate  cvclase  in  bone  and  kidney.  Isolated  parathyroid  cells 
and  culture  systems  have  been  developed  that  allow  studies  on 
secretory  control  of  parathyroid  hormone,  and  provide  test 
systems  to  elucidate  the  pathophysiology  of  certain 
hypopar a thyroid  and  hyperparathyroid  states. 
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The  purpose  is  to  study  the  interaction  of  calcitonin  with  its 
specific  receptor  target  organs.  The  current  investigations 
should  provide  further  insight  into  the  structure-function 
relationship  in  calcitonin.  Calcitonin  is  a  small  polypeptide 
hormone  and  therefore  lends  itself  well  to  studies  using 
synthetic  peptide  fragments.  The  system  is  also  useful  for 
characterizing  hormone  receptors  in  kidney,  bone  and  other 
tissues.  Calcitonin  increases  cAMP  in  MCF  7  breast  cancer  cells. 
At  300-fold  lower  concentration  calcitonin  decreases  cAMP  in 
these  cells.  The  decrease  in  cAMP  is  prevented  by  preexposure  of 
cells  to  agents  that  interfere  with  inhibitory  guanyl  regulatory 
proteins.  Intracellular  compartmentalization  of  cAMP 
accumulation  after  calcitonin  has  been  imaged  after  microwave 
fixation  of  cells.  The  cAMP  accumulates  initially  along  the 
plasma  membrane  but  within  1  to  3  minutes  accumulates  much  closer 
to  the  nucleus. 
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The  project  goal  is  the  evaluation  and  treatment  of 
hyperparathyroidism.  Patients  with  persistent  or  recvirrent 
hyperparathyroidism  are  referred  for  evaluation  and 
treatment.  Hereditary  hyperparathyroidism  in  particular  is 
under  investigation  in  the  hopes  of  delineating  hereditary 
molecular  abnormalities  in  glandular  regulation,  as 
exemplified  in  the  multiple  endocrine  neoplasia  syndromes. 
Evaluation  ranges  from  epidemiologic  studies  of  families  to 
in-house  clinical  studies  of  patients  and  to  in  vitro 
analyses  of  excised  tissue.  Techniques  currently  being 
employed  and  improved  include  radiojimnunoassay  of 
parathyroid  hormone,  ultrasonography .  (reoperative  and  intra 
operative)  radiotha Ilium  scanning,  magnetic  resonance 
imaging.  CAT  scanning,  selective  arteriocrrapv  and  selective 
venous  sampling  for  parathyroid  hormone .  parathyroid  gland 
cryopreservation  and  autotransplantation,  and  transcatheter 
parathyroid  gland  infarction.  in  vitro  evaluation  of 
parathyroid  and  other  endocrine  tissue  involves  tissue 
culture,  chemistry  and  determination  of  linkage  with  DNA  or 
RNA  probes. 
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With  recognition  that  vitamin  D  is  the  precursor  for  1. 25- 
dihydroxyvitamin  D.  it  has  become  possible  to  characterize 
defects  in  the  activation  (1-hydroxylation)  of  vitamin  D  and 
defects  in  the  target  action  of  activated  (1, 2 5-dihydroxy) vitamin 
D.  We  have  demonstrated  a  broad  spectrum  of  manifestations  of 
hereditary  resistance  to  1,25 (OH) 2D  ranging  from  infantile 
rickets  with  alopecia  and  no  intestinal  response  to  calciferols 
to  adult  onset  osteomalacia  with  satisfactory  intestinal  response 
to  high  doses  of  calciferols  and  with  no  epidermal  abnormalities. 
This  syndrome  usually  results  from  a  mutation  in  the  gene  for  the 
vitamin  D  receptor.  Skin  fibroblasts  from  all  subjects  with 
hereditary  resistance  to  1,25 (OH) 2D  display  abnormalities  in  this 
effector  system,  and  defects  in  many  discrete  steps  of  this 
pathway  have  been  identified  with  these  cells.  Cells  with 
mutations  in  the  1,25 (OH) 2D  effector  pathway  can  be  used  to 
explore  mechanisms  of  calciferol  action.  They  have  been  used  to 
establish  that  the  1,25 (OH) 2D  receptor  mediates  an  extremely 
rapid  (1-3  minutes)  rise  of  cyclic  GMP  in  response  to  1,25 (OH) 203 
and  that  certain  receptor  mutations  compromise  many  receptor 
functions  but  allow  another  function  to  be  retained  normally. 
This  establishes  that  1,25  (OH)  2D  ^receptors  couple  to  different 
responses  by  distinct  mechanisms. 
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Disorders  of  mineral  metabolism  have  been  evaluated  with  methods 
extending  from  epidemiology  to  cellular  and  molecular  biology. 
Two  forms  of  familial  hyperparathyroidism  have  been  characterized 
in  detail.  Familial  hypocalciuric  hypercalcemia  is  an  autosomal 
dominant  trait  associated  with  abnormal  interactions  with  calcium 
in  parathyroid  and  kidney.  Familial  multiple  endocrine  neoplasia 
type  1  (FMENl)  is  an  autosomal  dominant  trait  causing 
hyperf unction  of  parathyroids,  pancreatic  islet  and  anterior 
pituitary.  It  is  associated  with  gradual  but  abnormal 
proliferation  of  the  tissues  affected.  Genetic  linkage  studies 
.  in  a  large  kindred  have  localized  the  MENl  gene  to  the  long  arm 
of  chromosome  11.  Plasma  from  affected  persons  shows  high 
mitogenic  activity  upon  cultured  bovine  parathyroid  cells.  This 
mitogenic  activity  in  plasma  may  contribute  to  primary 
hyperparathyroidism  in  FMENl.  Analysis  of  blood  and  parathyroid 
tumor  DNA  has  revealed  that  FMENl  parathyroids  often  show  clonal 
loss  of  alleles  in  the  region  of  the  FMENl  gene  on  chromosome  11. 
Thus  the  FMENl  gene  functions  as  a  tumor  suppressor  gene, 
analogous  to  the  retinoblastoma  gene.  Analysis  of  sporadic 
parathyroid  adenomas  revealed  that  25%  showed  allelic  loss  in  a 
similar  region.  Thus  the  clonal  inactivation  of  the  FMENl  gene 
may  also  be  a  contributing  factor  in  many  sporadic  parathyroid 
adenomas.   Tumors  with  allelic  loss  along  chromosome  11  are  being 
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CC  (E.  Vaughan,  C.  Yarboro) 


LAB/BRANCH 

Metabolic  Diseases  Branch 


SECTION 

Kidney  Disease  Section 


INSTITUTE  AND  LOCATION 

NIDDK.    NIH.    Bethesda.    MP     20982 


TOTAL  STAFF  YEARS: 
1.10 


PROFESSIONAL; 
1.10 


OTHER 

_Q 


CHECK  APPROPRIATE  BOX(ES) 

EI  (a)  Human  subjects  B  (b)  Human  tissues    D  (c)  Neither 
Q  (a1)  Minors 

m. 


H 


Interviews 


SUMMARY  OF  WORK  (Uta  standait  unraducad  typa.  Do  not  axcaad  tha  tpaca  piwidad.) 

Pulse  cyclophosphamide  is  more  effective  than  prednisone  alone  in 
preventing  renal  failure  in  lupus  nephritis.   This  study  sought  to 
define  whether  pulse  nethylprednisolone  could  equal  pulse 
cyclophosphamide  in  preseirving  renal  function,  and  whether  there  was 
a  difference  between  long  and  short  courses  of  pulse 
cyclophosphamide  in  preventing  exacerbations  of  lupus. 

Patients  were  treated  with  prednisone  and  randomized  to  receive 
concomitantly  (a)  pulse  nethylprednisolone  monthly  for  6  months,  or 
(b)  pulse  cyclophosphamide  monthly  for  6  months,  or  (c)  pulse 
cyclophosphamide  monthly  for  6  months  followed  by  a  maintenance 
regimen  every  3  months  for  an  additional  two  years.   During  the 
final  24  months  of  the  study,  all  patients  continue  to  receive  low 
dose,  alternate  day  prednisone. 

Patients  treated  with  pulse  methylprednisolone  had  a  higher 
probability  of  developing  renal  insufficiency  than  patients  treated 
with  the  long  course  of  pulse  cyclophosphamide.   In  addition, 
patients  treated  with  only  a  short  course  of  pulse  cyclophosphamide 
had  a  higher  probability  of  major  exacerbations  of  lupus  than  those 
treated  with  the  extended  course  of  pulse  cyclophosphamide. 
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PROJECT  NUMBER 

Z01  DK  43205-15  MDB 


PERIOD  COVERED 

October  1.  1991  through  September  30.  1992 


TITLE  Of  PROJECT  (BO  chvmcttn  or  Ins.   7M>  muat  tHonotmUn*  attt— n  ttm  borO^n.) 

Renal  BioDsv  Pathology  in  Systemic  Lupus  Erythematosus 


PRINCIPAL  INVESTIGATOR  (U*t  ottmr  pnl—tional  pmnonrmt  tmlow  itm  Principal  InvttigMtor.)  (Nam»,  Wt,  labotmtory,  and  Inttitum 

P.I.:  J.E.  Balow  Senior  Investigator  MDB.  NIDDK 

Others:  H.A.  Austin  III  Medical  Officer        MDB,  NIDDK 


COOPERATING  UNrrS  flfany; 

Armed  Forces  Institute  of  Pathology,  Washington,  DC  (T.  Antonovych, 

S.  Sabnis) ;  CO  (E.  Vaughan) 


LAB/BRANCH 

Metabolic  Disease?  Branch 


SECTION 

Kidney  Disease  Section 


INSTirUTE  AND  LOCATION 

NIDDK.    NTH.    Bethesda.    MP      20982 


TOTAL  STAFF  YEARS. 
0.15 


PROFESSIONAL 
0.15 


OTHER: 
0 


CHECK  APPROPRIATE  BOX(ES) 

B  (a)  Human  subjects  B  (b)  Human  tissues    D  (c)  Neither 
B  (a1)  Minors 
D  (a2)  Interviews 


SUMMARY  Of  WORK  {Us»  standa/ri  unmduced  type.  Do  not  txc««d  the  space  provided.) 

Diverse  pathogenetic  factors  are  operant  in  systemic  lupus 
erythematosus  and  lead  to  different  forms  of  lupus  nephritis. 
Detailed  analysis  of  renal  biopsy  pathology  is  being  conducted  on 
specimens  from  patients  with  systemic  lupus  erythematosus. 

Biopsies  are  classified  by  standard  major  category  of  lupus 
nephritis,  as  well  as  scored  on  a  semi-quantitative  scale  for 
specific  histologic  changes  which  indicates  the  extent  and  severity 
of  active  inflammatory  lesions  and  chronic  atrophic,  fibrosing  and 
sclerosing  features.   The  patterns  of  immune  complex  deposition  and 
lymphoid  cell  interaction  with  different  segments  of  the  nephron  are 
being  investigated  by  immunohistologic  techniques  and  electron 
microscopy. 

These  approaches  have  facilitated  the  analysis  of  the  effects  of 
various  types  of  immunosuppressive  agents  used  to  halt  the 
progression  of  lupus  nephritis  and  they  will  enhance  our 
understanding  of  the  pathogenesis  of  lupus  nephritis. 
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PROJECT  NUMBER 

ZOl   DK 
43211-08  MD 


PERIOD  COVERED 
i     10/01/91    thru    9/30/92 


TITLE  OF  PROJECT  (80  ch»r»eters  or  less.  Title  wutt  fit  on  one  line  between  the  borders.) 

Morpholoav  of  Renal  Lesions  in  Pima  Indians 


PRINCIPAL  INVESTIGATOR  (Li«t  other  Drofe«tiorMl  pertonnet  below  the  Principal  Investioater.)  (Nwwe.  title. 

PI:    L.  Striker,  M.D.,  Chief  RGBS 

Others:  G.  Striker,  M.D.,  Senior  Investigator 

C.  Pesce,  M.D.,  Visiting  Associate 

K.  Schmidt,  M.D..  Interinstitute  Genetics  Fellow 


COOPERATING  UNITS  (if  any) 

Epidemiology  and  Clinical  Research  Branch,  NIDDK,  Phoenix  Arizona 
(Peter  Bennett) 


LAB/BRANCH 

Metabolic  Diseases 


SECTION 

Renal   Cell    Biology.    Bid   10  Rin.3N-110 


INSTITUTE  AND  LOCATION 

NIDDK.  NIH  Bethesda.  MD  29892 


TOTAL  STAFF  YEARS: 

0.90 


PROFESSIONAL: 

0.90 


CHECK  APPROPRIATE  BOX(ES) 

(a)  Human      X  (b)  Human        (c)  Neither 
(al)  Minors 
fa2)  Interviews 


SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  weighted  mean  of  the  area  and  a  size-class  distribution  of  the 
glomeruli  were  calculated  with  a  computer-assisted  planimeter  in  a 
series  of  autopsy  kidney  specimens  of  diabetic  and  non-diabetic  Pima 
Indians.   These  morphometric  variables  were  also  related  to  the 
severity  of  histologic  glomerular  lesions,  graded  on  a  four  class 
scale.   Glomerular  size  did  not  differ  in  the  two  groups,  nor  were 
differences  in  the  size  distribution  discernible  among  the  classes  of 
histologic  lesions.  A  similar  pattern  was  found  in  a  Causcasian 
population  with  NIDDM.   These  data  are  in  contrast  to  IDDM  where 
there  is  an  early  increase  in  glomerular  size,  followed  by  a  late 
decrease  in  glomerular  size  as  end-stage  renal  disease  supervenes. 
The  glomeruli  of  diabetic  Pima  Indians  did  not  decrease  in  size  at 
the  stage  of  diffuse  sclerosis,  a  finding  that  contrasts  with  what  is 
commonly  seen  in  other  types  of  kidney  disease,  especially  those 
associated  with  vascular  lesions.   Comparisons  between  the  size  of 
the  glomeruli  in  autopsy  specimens  from  Caucasian  and  black 
individuals  devoid  of  renal  disease  was  also  undertaken. 
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NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT        I  4  3214-08  MD 


PER  100  COVERED 


TITLE  OF  PROJECT  (80  characters  or  less.  Title  must  fit  of>  one  tir»e  between  the  borders.) 

Studies  of  Glomerular  Cells  Derived  From  Transgenic  Mice 


PRINCIPAL  INVESTIGATOR  (List  other  professional  personnel  below  the  Principal  Investigaror. )  (Ni 

P.I.:      L.  Striker,  M.D. 

Others:    G.  Striker,  M.D.,  Senior  Investigator 

S.  Elliot,  Ph.D.,  GS-12 

E.  Peten,  M.D.,  Guest  Worker 

M.  Carome,  M.D.,  Guest  Worker 


COOPERATING  UNITS  (if  any) 

None 


LAB/BRANCH 

Metabolic  Diseases 


SECTION 

Renal  Cell  Biology.  Bid  10  Rm.3N-110 


INSTITUTE  AND  LOCATION 

NIDDK.  NIH  Bethesda.  MD  29892 


TOTAL  STAFF  YEARS: 

0.22 


PROFESSIONAL: 

0.22 


CHECK  APPROPRIATE  BOX(ES) 

(a)  Human        (b)  Human      X  (c)  Neither 
(al)  Minors 
fa2)  Interviews 


SUMURT  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Current  models  of  glomerulosclerosis  (GS)  have  yielded  little 
information  about  the  cellular  and  molecular  abnormalities  that  are 
critical  in  the  initiation  and  progression  of  this  disease.   The 
complexity  of  the  kidney  and  glomerulus  make  isolation  and 
examination  of  pure  cultured  populations  of  glomerular  cells  an 
attractive  method  for  beginning  to  answer  these  (juestions. 
Unfortunately  other  models  of  GS  involve  extrarenal  causes  of 
glomerular  injury,  including  hormonal  or  cellular  events.   Because  of 
this,  it  is  (juite  likely  that  alomenilar  cells  isolated  from  these 
models  will  not  maintain  the  abnormal  behavior  in  vitro  which  led  to 
the  development  of  GS  in  vivo. 

Mice  transgenic  for  bovine  growth  hormone  develop  progressive 
glomerulosclerosis .   We  have  isolated  lines  of  glomerular  mesangial 
from  transgenic  mice  and  have  isolated  lines  of  mesangial, 
endothelial  cells   and  epithelial  cells  from  their  normal  litter- 
mates.   Our  data  from  the  in  vivo  model  indicates  that  proliferation 
of  mesangial  glomerular  cells  is  an  early  event  in  the  development  of 
GS  in  transgenic  mice,  we  will  evaluate  several  .growth  factors  on  the 
behavior  of  individual  cells. 
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PROJECT  MUMBER 

ZOl   DK 
43221-06  MD 


PERIOD  COVERED 
10/01/91 


thru  9/3Q/9:> 


TITLE  OF  PROJECT  (80  characters  or  less.  Title  wutt  fit  on  one  tine  betw«n  the  bordert.) 

Biology  of   Insulin  Receptors   in  GlOTnerular  Cells 


PR  I  MCI  PAL  IKVESTIGATOR  (List  ether  professional  personnel  below  the  PrineiMt  Investio>tor.)  (Wiw.  title. 

P.I.:      L.  Striker,  M.D.,  Chief  RGBS 
Others:    G.  Striker,  M.D.,  Senior  Investigator 
S.  Elliot,  Ph.D.,  GS-12 


COOPERATING  UNITS  (if  »nv) 

None 


LAB/BRANCH 

Metabolic  Diseases 


SECTION 

Renal   Cell   Biology.    Bid   10  Rin.3N-110 


INSTITUTE  AND  LOCATION 

NIDDK.  NIH  Bethes(3a 


MD  29892 


TOTAL  STAFF  YEARS: 


PROFESSIONAL: 


CHECK  APPROPRIATE  BOXCES) 

( a )  Hunan 

(al)  Minors 
fa2)  Interviews 


(b)  Human 


X  (c)  Neither 


Sl*»<ARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Terminated 
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PROJECT  NUMBER 

Z01  DK  43222-07  MDB 


PERIOD  COVERED 

October  1.  1991  through  September  30.  1992 


TfTLE  OF  PROJECT  (BO  chancmrs  or  tost.   TXto  mutt  IHonorfUn*  batwmn  ttm  bo/d»r%.) 

Pathogenesis  of  Murine  Lupus  Nephritis 


PRINCIPAL  INVESTIGATOR  (Ust  olt»r  prohssionMl  ptnonntl  tmlow  ttit  Principal  tnytHgalor.)  (Nam*.  tUiu,  laborttay,  and  Institute 

P.  I.:    H.  A.  Austin        Medical  Officer  MDB,  NIDDK 

Others:   J.  E.  Balow        Senior  Investigator      MDB,  NIDDK 

D.  T.  Bounpas       Visiting  Scientist       MDB,  NIDDK 

A.  D.  Patel         Biologist  MDB,  NIDDK 


COOPERATING  UNITS  (Kany) 

Armed  Forces  Institute  of  Pathology;  Washington,  DC  (T.  Antonovych 
and  S.  Sabnis) . 


LAB/BRANCH 

Metabolic  Diseases  Branch 


SECTION 

Kidney  Disease  Section 


INSTITUTE  AND  LOCATION 

NIDDK.    NIH.    Bethesda, 


MD      20892 


TOTAL  STAFF  YEARS: 
1.25 


PROFESSIONAL 
0.25 


OTHER 
1.00 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects  D  (b)  Human  tissues    B  (c)  Neither 


D  (a1)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Use  sondard  unreduced  type.  Do  not  exceed  the  space  provided.) 


Investigations  of  the  pathogenesis  and  treatment  of  lupus  nephritis 
are  facilitated  by  the  availability  of  inbred  strains  of  mice  that 
develop  disease  similar  to  human  systemic  lupus  erythematosus.   The 
natural  evolution  of  the  diverse  histologic  features  of  murine  lupus 
nephritis  has  been  studied  to  delineate  the  types  of  glomerular  and 
tubulointerstitial  lesions. 

Innovative  treatment  strategies  will  be  studied  to  refine  our 
approach  to  this  disease.   The  impact  of  biologic  response  modifiers 
on  immunologic  features  will  be  investigated  as  well.   Clinical, 
histologic  and  immunologic  outcome  parameters  will  be  evaluated 
including  detailed  studies  of  renal  morphology,  and  the 
characteristics  of  spleen  lymphocytes  employing  flow  cytometry, 
measures  of  immunoglobulin  gene  expression,  and  in  vitro  assays  of 
alterations  in  humoral  and  cell  mediated  immune  regulation. 
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Z01  DK  43224-06  MDB 


PERIOD  COVERED 

October  1.  1991  through  September  30, 


1992 


TFTLE  Of  PROJECT  (80  ehamcttn  or  Ins.   Tkh  must  1H  on  on*  Unt  btt^umn  th»  bonimn.) 

Membranous  Lupus  Nephropathy 


PRINOPAL  INVESTIGATOR  (Utf  ottmr  pm(n*ion1  f»nonn1  b^low  ttm  Principal  mvosOgator.)  (Nairn,  ttto,  moaaory.  and  InaOtuta 


PI: 
Others : 


H.  A.  Austin 
J.  E.  Balow 
K.  NacKay 


Medical  Officer 
Senior  Investigator 
Expert 


MDB,  NIDDK 
MDB,  NIDDK 
MDB,  NIDDK 


COOPERATING  UNtTS  (If  any) 

CC  (E.  Vaughan) ;  NIAMS  (J.  Klippel) ;  Stanford  University;  Stanford, 
CA  (B.  Myers) .  Armed  Forces  Institute  of  Pathology,  Washington,  DC 
^T.  Antonovych  and  S.  Sabn- 


lis) 


LAB/BRANCH 

Metabolic  Diseases  Branch 


SECTION 

Kidney  Disease  Section 


INSTrrUTE  AND  LOCATION 
NIDDK.    NTH.    Bethesda 


MD      20892 


TOTAL  STAFF  YEARS: 
0.50 


PROFESSIONAL 
0.50 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 

IS  (a)  Human  subjects  B  (b)  Human  tissues    D  (c)  Neither 
B  (a1)  Minors 
n   ra2)  Interviews 


SUMMARY  OF  WORK  (Usa  standanJ  unnducad  typa.  Do  not  axcaad  tha  tpaca  pfovidad.) 

It  is  currently  un)cnovm  whether  therapeutic  intervention  will  alter 
the  course  of  membranous  lupus  nephropathy.  In  the  present  study,  the 
efficacy  and  toxicity  of  three  immunosuppressive  drug  regimens 
administered  over  a  12  month  period  will  be  evaluated  in  patients 
with  membranous  lupus  nephropathy.   Detailed  tests  of  renal  function 
(including  radiolabelled  compounds  for  glomerular  filtration  and 
renal  plasma  flow  rates) ,  glomerular  permselectivity  (using 
fractional  clearance  of  graded  dextrans)  and  kidney  biopsy  morphology 
will  be  performed  at  the  beginning  and  end  of  treatment. 

Patients  with  systemic  lupus  erythematosus,  nephrotic  range 
proteinuria  and  biopsy  documented  membranous  nephropathy  will  be 
randomized  to  receive:  a)  alternate  day  prednisone  alone  (control 
group) ,  b)  alternate  day  prednisone  plus  intravenous  pulse 
cyclophosphamide  up  to  1.0  greon  per  square  meter  body  surface  area 
every  other  month  for  6  total  doses,  or  c)  alternate  day  prednisone 
plus  oral  cyclosporin  A  up  to  200  mg  per  square  meter  body  surface 
area  daily.   Lupus  disease  activity,  renal  function  tests  and  drug 
toxicities  will  be  monitored  closely.  Analysis  will  include 
comparison  of  the  numbers  of  favorable  outcomes  of  glomerular 
filtration  rate,  renal  plasma  flow,  permselectivity,  glomerular 
pathology  and  drug-related  toxicities  appearing  in  each  treatment 
group . 
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TITLE  OF  PROJECT  (80  characters  or  less.  Title  injst  fit  on  one  line  betw««n  the  bordert.) 

Glomerular  Lesions  in  Mice  Transgenic  for  Growth  Hormone 


PRINCIPAL  IMVESTICAT08  (List  other  professional  personnel  beloM  the  Principal  Investigator.)  (Mame.  title. 

Striker,  M.D. 

Striker,  M.D.,  Senior  Investigator 

Elliot,  Ph.D.,  GS-12 

Yang,  M.D.,  Visiting  Associate 

Pet en,  M.D.,  Guest  Worker 


P.I.: 

L. 

Others: 

G. 

S. 

C. 

E. 

COOPERATIMC  UNITS  (if  any) 

John  Kopchick,  Ph.D.,  University  of  Ohio 


LAB/BRANCH 

Metabolic  Diseases 


SECTION 

Renal  Cell  Biology.  Bid  10  Rm.3N-110 


INSTITUTE  AND  LOCATION 

NIDDK.  NIH  Bethesda.  MP  29892 


TOTAL  STAFF  YEARS: 
1.10 


PROFESSIONAL: 

1.10 


CHECK  APPROPRIATE  BOX(ES) 

(a)  Human        (b)  Human      X  (c)  Neither 
(al)  Minors 
(a2)  Interviews 


SL»«ARY  OF  WORK  (Use  Standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Increased  glomerular  size  occurs  in  the  presence  of  normal 
maturation,  following  unilateral  nephrectomy  in  humans  and  animals, 
and  in  disease  states  such  as  diabetes  mellitus.  There  are 
abnormalities  in  the  circulating  levels  of  GH  in  some  diseases 
associated  with  increases  in  glomerular  extracellular  matrix  and  cell 
TiUmber,  such  as  diabetes  mellitus.   The  availability  of  transgenic 
mouse  strains  expressing  elevated  levels  of  GH  provides  an 
opportunity  to  study  the  renal  effects  of  chronic  hormone  exposure. 
Progressive  glomerulosclerosis  leading  to  kidney  failure  develops  in 
the  GH  transgenic  mice.   Mice  transgenic  for  GH  molecules  containing 
mutations  have  also  been  examined  in  order  to  elucidate  the  domains 
of  GH  that  may  specifically  code  for  genes  responsible  for 
glomerulosclerosis.  We  found  an  upregulation  of  mRNA  for 
extracellular  matrix  components  in  the  kidneys  of  the  GH  animals. 
This  upregulation  persisted  late  in  the  course  of  the  disease. 
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PROJECT  NUMBER 
ZOl   DK 

43227-05  MD 


PERIOD  COVERED 
10/01/91    thru    9/30/92 


TITLE  OF  PROJECT  (RO  chTaetert  or  less.  Title  must  fit  on  one  line  between  the  borders.) 

Role  of  IGF-1  in  the  Biology  of  Mouse  Glomerular  Cells 


PRINCIPAL  INVESTIGATOR  (List  other  professional  personnel  below  the  Prtncioel  Investinater.)  (Name,  title. 

P.I.       L.  Striker,  M.D.,  Chief  RGBS 

Others:    G.  Striker,  M.D.,  Senior  Investigator 

S.  Elliot,  Ph.D.,  GS-12 

E.  Peten,  M.D.,  Guest  Worker 


COOPERATING  UNITS  (if  any) 

None 


LAB/BRANCH 

Metabolic  Diseases 


SECTION 

Renal  Cell  Biology.  Bid  10  Rm.3N-llO 


INSTITUTE  AND  LOCATION 

NIDDK.  NIH  Bethesda.  MD  29892 


TOTAL  STAFF  YEARS: 
0.70 


PROFESSIONAL: 

0.70 


CHECK  APPROPRIATE  BOXCES) 

(a)  Human        (b)  Human      X  (c)  Neither 
(al)  Minors 
fa2)  Interviews 


SUMMARY  OF  WORK  (Use  Standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  IGF-I  axis  has  been  implicated  in  the  development  of  renal 
complications  of  diabetes.  Glomerulosclerosis  of  diabetes  is 
characterized  by  mesangial  cell  proliferation  and  accumulation  of 
extracellular  matrix  in  the  mesangium.   This  suggests  that  there  may 
be  an  intrinsic  defect  of  mesangial  cell  behavior.   Non-obese 
diabetic  mice  (NOD)  develop  glomerular  lesions  early  after  the  onset 
of  IDDM.   We  developed  new  lines  of  mesangial  cells  derived  from 
these  animals  to  study  the  role  of  the  IGF-I  axis  in  a  model  of 
spontaneous  diabetes.  We  examined  the  IGF-I  receptor,  IGF-I 
production,  and  IGF-I  binding  proteins  of  the  NOD  mice  and  compared 
them  to  control  mesangial  cells.  We  previously  demonstrated  the 
presence  of  IGF-I  receptors  and  the  synthesis  of  IGF-I  in  glomerular 
mesangial  cells.   In  the  current  study  we  examined  mouse  glomerular 
endothelial  and  epithelial  cells  in  culture  for  IGF-I  receptors. 
[^^I] IGF-I  specifically  bound  to  the  cell  surface  of  both  cell  types. 
Maximum  specific  binding,  0.141  B/F  for  endothelial  cells  and  0.301 
B/F  for  epithelial  cells,  was  obtained  at  22  C  after  150  nin 
incxibation.   The  estimated  Kd  values  were  2.25x3^0  for  endothelial 
cells  and  1.5x10  for  epithelial  cells.   Cross-linking  studies  showed 
a  single  band  of  radioactivity  with  an  estimated  mol.  vt.   of  145kD, 
consistent  with  the  o-subunit  of  the  IGF-I  receptor.   Radiolabelled 
IGF-I  was  not  degraded  by  either  cell  types.   These  findings 
suggested  a  paracrine  role  of  IGF-I  in  the  glomerulus. 
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postulated  that  the  progressive  glomerular  lesions  were  due  to  an 
early  increase  in  the  turnover  of  glomerular  resident  cells.   This 
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measurements.   We  have  performed  autoradiographic  studies,  using  ^- 
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growth  is  an  early  event  in  the  development  of  glomerulosclerosis 
following  reduction  in  renal  mass. 
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demonstrated  that  normal  rat  glomeruli  contain  high  levels  of 
TGF-61  and  TGF-62  and  that  glomeruli  possess  unique  TGF-6  binding 
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The  goal  of  these  studies  is  to  better  understand  the  actions  and 
mechanisms  of  action  of  TGF-B  in  the  glomerulus.   The  current  focus 
of  these  studies  is  on  the  TGF-6  binding  proteins  and/or  receptors 
which  are  present  in  glomeruli. 
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NOD  mice  spontaneously  develop  insulin-dependent  diabetes  nellitus 
(IDDM)  secondary  to  immunologically-mediated  beta  cell  destruction  in 
pancreatic  islets.   Shortly  after  the  appearance  of  diabetes,  NOD 
mice  developed  renal  lesions  consisting  of  diffuse  mesangial 
sclerosis,  thickening  of  glomerular  basement  membranes,  and 
albuminuria.   These  lesions  closely  mimic  those  of  IDDM  in  humans. 
Morphometric  analysis  showed  that  the  kidney  weight  and  glomerular 
size  were  increased  in  diabetic  nice,  compared  to  non-diabetic  mice, 
and  that  the  ratio  glomerular  volume/kidney  weight  was  elevated  in 
diabetic  mice.   These  findings  suggest  that  this  disproportionate 
increase  in  glomerular  size  may  play  an  important  role  in  the 
development  of  diabetic  nephropathy. 
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End-Stage  glomerulosclerosis  constitutes  a  major  complication  of 
diabetes  mellitus.   The  fact  that  the  glomerular  lesions  of  both  type 
I  and  type  II  diabetes  are  similar  suggests  that  abnormalities  in 
glucose  metabolism  may  participate  in  their  development.   Hyper- 
glycemia leads  to  the  accximulation  of  advanced  glycosylation  end- 
products.   These  products  participate  in  abnormal,  non-metabolizable 
cross-linking  of  extra-cellular  matrix  components.  Their  accumulation 
may  contribute  to  the  sclerosis  observed  in  diaibetics.   AGEs  trigger 
a  large  number  of  biological  reactions  which  are  mediated  by  surface 
receptors  that  have  been  characterized  on  macrophages,  endothelial 
cells,  and  human  and  rat  mesangial  cells. 

Mesangial  cells  plated  on  various  glycosylated  extracellular 
matrix  components  produce  an  increased  eunount  of  fibronectin.  Using 
normal  mouse  mesangial  cells,  we  investigated  the  effect  of  AGE  on 
the  synthesis  of  the  basement  membrane  components.  Cells  plated  on 
AGE  showed  increased  levels  of  the  following  mRNAs  using  the  RNAse 
protection  assay:  collagen  type  IV,  proteoglycan  heparan  sulfate,  and 
laminin  A  and  B  chains.   We  also  found  an  increased  release  of 
collagen  type  IV  into  the  medium.   The  rate  of  transcription, 
measured  by  nuclear  r\in-off  assays,  was  also  stimulated  in  cells 
plated  on  glycosylated  bovine  serum  albumin.  AGE  receptor  antibodies 
inhibited  the  observed  increase  in  mRNAs.  Antibodies  to  PDGF 
abrogated  the  AGE  response.   These  observations  provide  further 
evidence  that  the  accumulation  of  extracellular  matrix  components  in 
diabetics  is  regulated  at  the  gene  level,  and  is  correlated  with  an 
increase  in  mesangial  cell  turnover. 
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Glomerulosclerosis  occurs  in  a  large  number  of  human  kidney  diseases, 
including  diabetic  nephropathy.   It  consists  of  the  accumulation  of 
extracellular  matrix  (ECM)  within  the  glomerulus.   Sclerosis  may  be 
mediated  by  dysregulation  of  both  synthesis  and  degradation  of  ECM. 
A  large  family  of  matrix  metalloproteinases  as  well  as  tissue 
inhibitors  of  metalloproteinase  (TIMPs)  play  a  role  in  the 
degradative  process.   Our  preliminary  work  reveals  that:  1)  normal 
mouse  mesangial  cells  in  culture  secrete  a  72  kD  and  a  92  kD 
gelatinase  (type  IV  collagenase)  as  well  as  TIMPl;   2.)  mesangial 
cells  derived  form  NOD  mice  and  mice  transgenic  for  bovine  growth 
hormone  (bGH)  secrete  only  the  72  kD  gelatinase;  and  3)  TIMPl  dRNA 
levels  are  modulated  by  cell  density. 
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The  purpose  of  this  study  is  to  determine  the  phenotype  of 
extracellular  matrix  molecules  in  normal  adult  mouse  glomeruli.   We 
used  the  increased  sensitivity  afforded  by  the  polymerase-chain 
reaction  to  assess  type  I  and  type  IV  collagen  mRNA  in  freshly 
microdissected  normal  adult  mouse  glomeruli.   RT-PCR  reactions "for 
mRNA  encoding  these  components  were  also  performed  using  mesangial 
cell  lines  previously  isolated  from  the  seune  strain  of  nice.   Type  IV 
collagen  mRNA  was  easily  detectetble  in  normal  adult  mouse  glomeruli 
as  well  as  in  the  cell  lines.   On  the  other  hand,  type  I  collagen 
mRNA  was  not  detected  in  the  glomeruli,  despite  increasing  the  number 
of  PCR  cycles  from  25-45  (roughly  a  1000  fold  increase  in 
sensitivity) .  Assays  using  competitive  PCR  were  also  developed. 
Utilizing  the  same  primers,  type  I  collagen  mRNA  was  easily 
demonstrable  in  two  lines  of  mouse  mesangial  cells.   These 
experiments  support  data  in  both  hximans  and  experimental  models  which 
failed  to  demonstrate  type  I  collagen  by  immuno-fluorescence 
microscopy  in  normal  glomeruli,  whereas  type  IV  collagen  was  present 
in  large  amounts.  The  current  study  provides  evi.dence  that  the 
expression  of  types  I  and  IV  collagen  in  normal  glomeruli  is 
regulated  at  the  pretranslational  level  in  vivo. 
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Activation  of  T  cells  is  a  complex  process  involving  cell  membrane, 
cytoplasmic  and  nuclear  events.   These  events  enable  T  cells  to 
proliferate  and  exert  their  immunoregulatory  function.   The  goal  of 
these  studies  is  to  better  understand  the  calcium-dependent  pathway 
of  T  cell  activation  and  define  the  effects  of  biologic  agents  used 
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transcription  by  interfering  with  the  binding  of  nuclear  factors  AP-1 
and  NF-AT  on  the  humin  IL-2  promoter.   Glucocorticoids  inhibit  both  T 
cell  antigen  receptor  and  IL-2  receptor  mediated  proliferative 
signals  (tyrosine  phosphorylation,  production  of  transcription 
factors,  expression  of  lymphokine  genes,  Rb  protein  phosphorylation) . 
Prostaglandin  E2  also  downregulates  T  cell  activation  and 
proliferation  by  inhibiting  tyrosine  phosphorylation  and  nuclear 
transcription  of  IL-2,  while  TGF-B  inhibits  only  IL-2  receptor 
mediated  proliferative  signals. 
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therapy  of  immune  mediated  renal  diseases.   Although  rates  of 
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their  effects  on  immunoglobulin  gene  transcription.   Particular 
emphasis  will  be  placed  in  detecting  similarities,  differences, 
synergism  or  antagonism  in  their  effects. 
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The  renal  cell  biology  section  is  interested  in  the  cellular  and 
molecular  nechanisns  leading  to  glomerular  scarring,  the  emphasis 
being  on  non-innune  diseases.  The  kidney  disease  of  diabetes 
mellitus  is  the  major  disease  studied.   Our  hypothesis  is  that 
glomerulosclerosis  results  from  abnormalities  in  the  rate  of 
proliferation  and  matrix  turnover  by  resident  glomerular  cells.   This 
is  being  investigated  in  vitro,  using  clonal  lines  of  glomerular 
cells,  and  in  vivo  using  transgenic  mice.  We  have  developed  a  new 
techni(}ue  to  quantitatively  study  the  synthesis  and  degradation  of 
glomerular  matrix  components  in  vivo.  The  method  consists  of 
microdissection  of  single  mouse  and  human  glomeruli,  reverse 
transcription  in  situ.   This  was  followed  by  the  polynerase-chain 
reaction  (PCa)  .   We  have  developed  a  method  to  quant itate  PCR,  so 
that  we  can  examine  the  relative  amounts  of  the  different  nRNAs 
coding  for  the  various  basement  membrane  collagens  and  the  enzymes 
that  degrade  collagens.   This  technique  is  now  being  applied  to 
extracellular  matrix  turnover  in  glomeruli  of  mice  transgenic  for 
growth  hormone  and  to  human  glomeruli  obtained  from  nephrectomy 
specimens. 
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Degradation  of  collagens  and  non-col lagenous  components  of  the 
glomerular  extracellular  matrix  is  believed  to  play  an  important  role 
in  the  turnover  of  normal  glomerular  basement  membranes,  amd  in  the 
pathogenesis  of  glomerulosclerosis.   A  new  method  combining 
microdissection  of  human  glomeruli  emd  competitive  PCR  has  been 
utilized  to  examine  glomeruli  isolated  fron  nephrectomy  specimens. 
This  method  allows  the  detection  of  cDNA  Bolecules  in  individual 
glomeruli,  because  of  a  detection  rang*  in  the  range  of  10'^ 
attomoles.   Preliminary  results  froa  glomeruli  isolated  from  huaan 
nephrec:tomies  indicate  that  the  method  is  sensitive,  reproduciblSr 
and  allows  comparison  between  patient's. 
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ANNUAL  REPORT  OF  THE  lABORATORY  OF  THE  DIABETES  BRANCH 
National  Institute  of  Diabetes  and  Digestive  and  Kidney  Diseases 

Investigators  in  the  Diabetes  Branch  conduct  clinical 
investigation  and  basic  scientific  research  with  special 
emphasis  on  understanding  the  nechanism  of  action  of  insulin  and 
the  causes  of  diabetes  nellitus.   Towards  this  end,  a 
multi-disciplinary  approach  has  been  applied,  involving 
techniques  of  molecular  biology,  cell  biology,  biochemistry,  and 
clinical  physiology.   Other  projects  include  studies  of  hormones 
and  other  messenger  molecules  important  to  the  regulation  of 
growth  and  development,  especially  growth  hormone  and 
insulin-like  growth  factors  I  and  II.   In  addition,  there  is  an 
active  research  program  with  respect  to  acromegaly,  a  clinical 
disease  caused  by  the  overproduction  of  growth  hormone. 

Insulin  receptors 

The  insulin  receptor  is  a  heterotetrameric  glycoprotein 
located  on  the  cell  surface.   It  is  encoded  by  a  single  gene 
that  encodes  a  precursor  molecule.   The  precursor  undergoes 
multiple  post-translational  processing  steps  including 
proteolytic  cleavage  to  yield  two  different  types  of  subunits: 
an  Q-subunit  that  contains  the  insulin  binding  site  and  a 
^-subunit  that  is  a  tyrosine  specific  protein  kinase.   When 
insulin  binds  to  the  extracellular  domain  of  the  receptor,  this 
activates  the  tyrosine  kinase  associated  with  the  intracellular 
domain  of  the  receptor.   Activation  of  the  tyrosine  kinase  plays 
a  necessary  role  in  mediating  insulin  action.   Several  projects 
in  the  Diabetes  Branch  pertain  to  various  aspects  of  insulin 
receptor  biosynthesis  and  insulin  receptor  function. 

To  study  the  regulation  of  the  expression  of  the  insulin 
receptor  gene,  the  DNA  in  the  5'  flanking  region  of  the  human 
and  mouse  insulin  receptor  genes  have  been  cloned.   Deletion 
analysis  has  been  employed  to  identify  a  70-base  pair  region  of 
the  gene  that  contains  the  majority  of  the  promoter  activity. 
In  addition,  a  weak  enhancer  has  been  identified  upstream  of  the 
promoter.   Further  investigations  are  directed  towards 
identifying  other  regulatory  domains  that  may  play  a  role  in  the 
developmental  and  endocrine  regulation  of  the  expression  of  the 
insulin  receptor  gene.   For  example,  there  are  three  consensus 
binding  sites  for  the  transcription  factor  C/EBP.   Expression 
vectors  containing  these  sequences  can  be  transactivated  by  an 
expression  vector  for  the  transcription  factor  C/EBP.   A 
sequence  in  the  first  intron  has  been  identified  that  is 
required  for  the  10-fold  induction  of  the  insulin  receptor  gene 
during  adipocyte  differentiation. 
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In  another  project,  several  steps  involved  in 
post-translational  processing  of  the  insulin  receptor  during 
biosynthesis  are  being  investigated.   In  particular,  N-linked 
glycosylation,  0-linked  glycosylation,  and  fatty  acylation  are 
being  studied.   The  role  of  N-linked  glycosylation  is  being 
investigated  by  site-directed  mutagenesis  to  eliminate  the 
N-linked  glycosylation  sites.   By  expression  of  the  cDNAs 
encoding  these  mutant  receptors,  it  may  be  possible  to  determine 
the  functional  role  of  the  N-linked  glycosylation.   Progress  has 
also  been  made  toward  identifying  the  0-linked  glycosylation 
site  in  the  fi   subunit. 

The  role  of  the  tyrosine  kinase  in  mediating  insulin 
action  is  also  being  investigated.   A  120  kilodalton 
glycoprotein  in  rat  liver  membranes  has  been  identified  to  serve 
as  a  substrate  for  phosphorylation  by  the  insulin  receptor. 
This  glycoprotein  has  been  immunoaffinity  purified,  a  partial 
amino  acid  sequence  has  been  determined,  and  a  cDNA  encoding 
this  glycoprotein  has  been  obtained.   This  protein  substrate, 
ppl20,  appears  to  be  identical  to  a  previously  identified  enzyme 
that  has  the  property  of  hydrolyzing  ATP  and  GTP.   The  effect  of 
phosphorylation  to  regulate  the  enzymatic  activity  of  this 
protein  is  presently  being  investigated.   By  expressing  the  cDNA 
through  transfection,  it  should  be  possible  to  determine  the 
physiological  role  of  this  protein,  and  what  role  the  protein 
may  have  in  mediating  the  effect  of  insulin  upon  target  cells. 

In  addition,  the  gene  encoding  rat  ppl20/ecto-ATPase  has 
been  cloned.   It  contains  nine  exons  and  spans  approximately 
15,000  b.p.  of  DNA.   Exon  7  undergoes  variable  splicing  yielding 
two  isoforms  of  mRNA.   The  isoform  lacking  e^on  7  encodes  a 
short  form  of  the  protein  in  which  the  cytosolic  domain  is 
truncated  to  only  10  amino  acids.   This  short  isoform  lacks  the 
phosphorylation  sites  that  are  present  in  the  long  isoform  of 
the  protein. 

In  addition,  as  part  of  a  long  term  collaboration  with 
scientists  at  the  University  of  Geneva,  studies  are  underway  to 
explore  the  mechanism  and  significance  of  receptor-mediated 
endocytosis,  receptor  internalization,  and  recycling.   It  has 
been  shown  that  tyrosine  phosphorylation  is  required  for 
redistribution  from  the  microvilli  to  clathrin  coated  pits,  and 
as  a  result  for  ligand-stimulated  endocytosis. 

Considerable  progress  has  been  made  in  identifying 
mutations  in  the  insulin  receptor  gene,  and  elucidating  the  role 
of  this  type  of  genetic  defect  in  causing  human  disease. 
Multiple  different  mutations  have  been  identified  in  the  insulin 
receptor  gene,  these  fall  into  five  classes:  class  1,  mutations 
that  inhibit  insulin  receptor  biosynthesis,  frequently  by 
decreasing  levels  of  insulin  receptor  mRNA;  class  2,  mutations 
that  impair  the  transport  of  mutant  receptors  to  the  cell 
surface;  class  3,  mutations  that  decrease  the  affinity  with 
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which  insulin  is  bound  to  the  receptor;  class  4,  nutations  that 
impair  tyrosine  kinase  activity;  class  5,  nutations  that 
accelerate  receptor  degradation,  apparently  by  inhibiting 
recycling  of  internalized  receptors  back  to  the  plasma 
membrane.   Most  of  these  nutations  have  been  identified  in 
patients  with  relatively  rare  genetic  syndromes  associated  with 
severe  insulin  resistance  and  acanthosis  nigricans.   At  present, 
studies  are  underway  to  determine  the  prevalence  of  this  type  of 
mutation,  and  also  to  investigate  the  possibility  that  this  type 
of  mutation  nay  contribute  to  the  pathogenesis  of  nore  common 
diseases  such  as  noninsul in-dependent  diabetes  nellitus  and 
polycystic  overary  disease.   In  addition,  studies  have  been 
initiated  to  treat  these  insulin  resistant  patients  with  IGF-I 
to  determine  whether  it  has  therap>eutic  advantages  as  compared 
to  insulin. 

One  allele  of  the  insulin  receptor  gene  in  cultured 
3T3-L1  cells  has  been  inactivated  by  the  technique  of  homologous 
recombination.   Inactivation  of  the  insulin  receptor  gene  was 
associated  with  a  marked  impairment  in  the  ability  of  the  3T3-L1 
cells  to  differentiate  into  adipocytes  in  vitro.   This  suggests 
an  important  role  for  the  insulin  receptor  in  regulating  the 
development  and  differentiation  of  fat  cells.   The  method  of 
homologous  recombination  is  now  being  applied  in  an  effort  to 
inactivate  the  insulin  receptor  gene  in  embryonic  stem  cells. 
Eventually,  this  approach  should  enable  the  production  of 
transgenic  mice  with  mutations  in  the  insulin  receptor  gene  and 
also  other  genes  relevant  for  glucose  homeostasis  and  dieibetes. 
The  production  of  animal  models  of  disease  by  this  technique 
should  be  very  useful  in  studying  both  the  causes  and  treatment 
of  diabetes. 

Insulin-like  growth  factors 

Mammalian  IGF-I  genes  are  composed  of  at  least  6  exons. 
The  nature  peptide  is  encoded  by  exons  3  and  4.   As  a  result  of 
variable  splicing  and  the  use  of  alter  polyadenylation  sites, 
there  are  multiple  species  of  IGF-I  mRNA  ranging  in  size  from 
0.8  -  7.5  kb  in  length.   Transcripts  containing  exon  2  are  more 
sensitive  to  regulation  by  growth  hormone.   Transcripts 
containing  exon  1  are  expressed  ubiquitously  in  all  tissues,  but 
are  less  sensitive  to  regulation  by  growth  hormone. 

Unilateral  nephrectomy  results  in  compensatory 
enlargement  of  the  remaining  kidney.   In  adult  rats  this 
primarily  induces  hypertrophy  of  existing  cells  and  is  regulated 
by  GH,  since  isolated  GH  deficiency  prevents  the  hypertrophy  and 
no  increase  in  IGF-I  gene  expression  is  seen,  suggesting  that 
the  GH  effect  may  either  be  direct  or  via  elevated  systemic 
IGF-I  levels.   In  contrast,  compensatory  hypertrophy  in  immature 
animals  primarily  involves  hyperplasia  and  is  associated  with 
increased  kidney  IGF-I  gene  expression.   This  increased 
expression  is  not  GH-dependent  and  is  probably  causative  in  the 
hyperplastic  process.   The  effects  of  IGF-I  on  renal 
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hemodynamics  can  be  suppressed  by  simultaneous  infusion  of  a 
kinin-receptor  antagonist.   It  is  possible  that  IGF-I  plays  a 
role  in  the  pathogenesis  of  diabetic  kidney  disease. 

Thus,  the  IGFs  play  an  important  role  in  normal 
development  and  certain  pathological  states  and  future  studies 
will  hopefully  elucidate  the  molecular  mechanisms  \inderlying 
these  diverse  processes  involving  IGF'I  action. 

Insulin-like  growth  factor  receptors 

The  biological  effects  of  IGF-I  are  mediated  through  a 
cell  surface  receptor,  a  heterotetromeric  glycoprotein  that  is 
homologous  to  the  insulin  receptor.   A  cDNA  encoding  a  portion 
of  the  IGF-I  receptor  has  been  cloned  from  rat  granulosa  cells. 
In  addition,  partial  length  cDNAs  encoding  receptors  in  this 
family  have  been  cloned  from  Xenopus  embryos.   A  portion  of  the 
5 '  flanking  region  of  the  IGF-I  receptor  gene  has  been  cloned 
from  the  rat.   The  promoter  region  of  the  gene  has  been 
identified.   This  region  contains  a  unique  transcription 
initiator  sequence  with  a  single  start  site,  previously  fo\ind  in 
a  number  of  developmentally  regulated  genes.   The  promoter 
region  lacks  a  TATA  box,  but  contains  putative  binding  sites  for 
several  transcription  factors:  Spl,  ETF,  GCF,  AP2,  and  Wilm's 
tumor  binding  sites. 

The  expression  of  the  IGF-I  receptor  gene  is  regulated 
under  many  physiological  and  pathophysiological  conditions.   The 
developmental  regulation  of  IGF-I  receptor  gene  expression 
demonstrated  tissue-specific  changes;  in  most  tissues  there  was 
a  dramatic  postnatal  decrease.   Brain  demonstrated  the  highest 
prenatal  levels  of  receptor  gene  expression. 

Insulinopenic  diabetes  is  associated  with  early  changes 
in  renal  function.   These  irclude  enlargement  of  the  kidneys  and 
elevated  levels  of  glomerular  filtration  rate  and  renal  plasma 
flow.   Both  GH  and  IGF-I  can  cause  these  changes,  yet 
insulinopenic  diabetes  is  often  associated  with  reduced  serum  GH 
and  IGF-I  levels  in  the  rat.   In  contrast,  the  binding  of  IGF-I 
and  IGF-II  to  kidney  membranes  was  increased,  under  these 
conditions.   Using  antisense  RNA  probes  for  these  receptors,  we 
have  shown  that  expression  of  the  receptor  gene  is  indeed 
elevated  within  24  hours  of  induction  of  Insulinopenic 
(streptozotocin-induced)  diabetes.   This  elevated  receptor  level 
may  also  contribute  to  the  early  renal  changes  in  diabetes. 

Compensatory  renal  enlargement  rapidly  follows  unilateral 
nephrectomy.   In  immature  rats,  the  enlargement  of  the 
contralateral  kidney  is  primarily  hyperplastic  and  is  associated 
with  increased  steady-state  levels  of  IGF-I  receptor  mRNA  as 
well  as  increased  IGF-I  binding  to  kidney  membranes.   In 
contrast,  in  adult  rats,  the  enlargement  is  associated  with 
hypertrophy  and  constant  IGF-I  receptor  mRNA  levels,  suggesting 
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that  the  IGF-I  receptor  mediates  hyperplasia  in  immature  rats 
but  is  not  involved  in  the  hypertrophy  characteristics  of  adult 
animals. 

In  addition,  studies  have  been  initiated  to  define 
structure-function  relationships  of  the  IGF-I  receptor.   Toward 
that  end,  the  key  lysine  in  the  ATP-binding  site  was  mutated  to 
an  alanine.   This  mutation  inhibited  receptor  tyrosine  kinase 
activity,  and  also  inhibited  the  ability  of  the  receptor  to 
mediate  the  effects  of  IGF-I  to  stimulate  DNA  synthesis, 
2-deoxyglucose  uptake,  and  phosphatidyl  inositol-3-kinase 
activity.   These  observations  suggest  that  receptor  tyrosine 
kinase  activity  is  required  for  the  receptor  to  mediate 
biological  activity. 

Insulin-receptor  related  receptor 

A  gene  has  been  identified  that  is  homologous  to  the 
genes  encoding  the  receptors  for  insulin  and  IGF-I.   Studies 
have  been  initiated  to  investigate  this  third  receptor,  the 
so-called  insulin-receptor  related  receptor  (IRR) .   We  have 
cloned  the  cDNA  encoding  mouse  IRR,  and  also  the  murine  gene. 
The  IRR  will  be  expressed  by  transfection  of  the  cDNA.   The 
recombinant  IRR  will  be  used  to  identify  the  endogenous  ligand 
for  the  receptor.   In  addition,  efforts  are  under  way  to 
inactivate  murine  IRR  by  homologous  recombination.   These 
studies  may  allow  for  elucidation  of  the  physiological  role  of 
the  IRR. 

Growth  hormone  and  acromegaly 

A  long  term  follow-up  study  of  patients  with  acromegaly 
has  been  conducted  in  the  Diabetes  Branch  over  the  past  25 
years.   Several  modes  of  therapy  have  been  employed,  including 
radiation  therapy,  trans-sphenoidal  hypophysectomy ,  and  more 
recently  treatment  with  drugs  such  bromocryptine  and 
somatostatin  analogs.   Recent  studies  have  demonstrated  that 
somatostatin  analogs  can  be  extremely  useful  in  lowering  growth 
hormone  levels  in  patients  with  acromegaly.   In  addition,  this 
agent  can  be  useful  in  reducing  hormonal  hypersecretion  caused 
by  tumors  of  the  pituitary  that  secrete  thyroid  stimulating 
hormones  (TSH)  and  also  in  glucagon  secreting  tumors  of  the 
pancreas.   Unfortunately,  somatostatin  analogs  have  a  side 
effect  of  causing  the  patients  to  develop  thickened  bile. 
Because  of  the  previous  observation  that  patients  with 
somatostatin  secreting  tumors  have  a  high  prevalence  of 
gallstones,  it  seemed  important  to  determine  how  frequently 
treatment  with  somatostatin  analogs  would  also  cause  this 
complication. 

Of  patients  who  have  received  long-term  treatment  with 
the  long-acting  somatostatin  analog,  70%  of  the  patients  with 
acromegaly  have  developed  gallbladder  sludge  and  20%  have 
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deveveloped  gallstones.   Patients  currently  enrolled  in  this 
study  who  have  persistent  sludge  or  gallstones  will  be  treated 
with  ursodeoxycholate,  a  drug  with  the  potential  to  prevent  or 
to  xeverse  the  formation  of  sludge  and  gallstones. 

Quantitation  of  Insulin  Action  in  vivo 

Euglycemic  insulin  claunps  combined  with  either  positron 
emission  tomography  (PET)  or  magnetic  resonance  imaging  (MRI) 
are  being  used  to  measure  insulin  action  in  vivo.     This 
approach  allows  for  study  of  regional  effects  of  insulin  and 
IGF-I  upon  metabolism  of  specific  tissues  and  organs.   These 
approaches  are  being  used  to  characterize  pathophysiological 
mechanisms  in  hypoglycemic  and  diabetic  states. 

In  addition,  a  less  invasive  technique  is  being 
evaluated:  minimal  model  analysis  of  the  frequently  sampled 
intravenous  glucose  tolerance  test.   Preliminary  data  suggest 
that  minimal  model  analysis  underestimates  the  importance  of 
insulin  in  regulating  glucose  homeostasis.   Efforts  will  be  made 
to  improve  the  mathematical  analysis  in  order  to  obtain  improved 
measures  of  insulin  action  in  vivo. 

Recmlation  of  gene  expression 

One  of  the  central  (juestions  in  developmental  biology 
relates  to  how  genes  are  regulated  in  a  tissue-specific  manner. 
For  example,  the  insulin  gene  is  expressed  at  high  level  in  the 
pancreatic  beta  cell  while  the  gene  is  essentially  shut  off  in 
other  tissues.   In  order  to  define  the  molecular  mechanisms 
involved  in  this  type  of  regulation,  the  beta  globin  locus  has 
been  used  as  a  model  system.   Thus  far,  the  chicken  beta  globin 
locus  has  been  analyzed  using  both  transient  expression  in 
cultured  cells  and  also  expression  in  transgenic  mice.   These 
studies  have  identified  multiple  regulatory  elements  including  a 
locus  control  region  that  allows  for  positron-independent  copy 
number-dependent  expression  of  the  gene. 
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This  work  represents  a  16-year  collaboration  between  the  Diabetes  Branch  and  the 
Institute  of  Histology  and  Embryology  at  the  University  of  Geneva.    The  initial 
observations  demonstrated  that  polypeptide  hormones  are  taken  up  by  the  cell 
through  a  process  fo  receptor-mediated  endocytosis  similar  to  other  biologically 
important  ligands  that  bind  to  cells.   In  the  present  study,  using  election 
microscopy,  we  find  there  is  anatomical  correlation  between  the  dissocation  of 
1251-insulin  and  its  localization  on  the  cell  surface.   Three  lines  of  work  using 
electron  microscopy  have  been  followed:  (a)  We  have  continued  to  study  the 
mechanism  of  receptor-mediated  endocytosis.   The  insulin  receptor  is  a  tyrosine 
kinase,  and  early  studies  demonstrate  that  it  is  necessary  to  activate  the  kinase 
in  order  for  a  ligand  to  move  from  the  microvillous  to  the  nonvillous  coated 
segment  of  the  cell  where  it  subsequently  undergoes  internalization;  (b)  We  have 
continued  the  study  of  how  ions  such  as  calcium  regulate  the  fusion  of 
intracellular  organelles  such  as  endosomes;  and  (c)  the  nawest  studies  have 
involved  morphologic  localization  of  newly  synthesized  receptor  proteins  from 
mutant  cells  and  cells  that  have  been  mutated  at  specific  glycosylation  sites.   In 
summary,  all  of  these  studies  attempt  to  relate  biochemical  studies  to  specific 
morphologic  correlates. 
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Insulin  resistance  contributes  to  the  pathogenesis  of  several  disease  states 
including  obesity  and  noninsulin-dependent  diabetes  mellitus  (NIDDM) .   We  have 
investigated  the  insulin  receptor  gene  in  patients  with  genetic  forms  of  insulin 
resistance  to  gain  insight  into  biochemical  defects  that  give  rise  to  disease. 
Five  classes  of  mutations  have  been  identified: 

1.  Impaired  receptor  biosynthesis,  due  to  either  decreased  levels  of  insulin 
receptor  mRNA  and/or  premature  chain  termination  mutations. 

2.  Impaired  transport  of  receptors  to  the  plasma  membrane,  due  to  missense 
mutations  in  the  extracellular  domain  of  the  receptor. 

3.  Decreased  affinity  of  insulin  binding. 

4.  Decreased  activity  of  the  insulin  receptor  tyrosine  kinase. 

5.  Accelerated  receptor  degradation  associated  with  resistance  to  the  effect  of 
acid  pH  to  dissociate  insulin  from  its  receptor  within  the  endosome. 

studies  are  presently  underway  to  estimate  the  prevalence  of  mutations  in  the 
insulin  receptor  gene  in  order  to  determine  whether  mutations  in  this  gene 
contribute  to  the  pathogenesis  of  the  common  form  of  noninsulin-dependent  diabetes 
mellitus. 


PHS  5040  iRev    5/921 


309 


o^umarr  of  »«alth  mo  human  ssmces    mmuc  health  aaiviCE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl    DK   47024-13   DB 


PERIOO  COVERED 

October  1,  1991  to  September  30, 


1992 


TITLE  Of  PROJECT  (90  ehamcfn  or  ten     TM*  mat  fh  an  ant  §ni  btntmm  Urn  boidmn.) 

Bioeynthetic  Labeling  of  the  Inaulin  Receptor 


PRmCtPAL  WVESTIGATOR  lUa  othf  proltaanml 

P.I.       E.  Collier 


Others: 


H.  Caro 
A.  Ohali 
P.  Gorden 


btkrw  tht  Pttndpml  Inrmiiguof.l  (Nmrm.  M 

Medical  Officer 
Visiting  Fellow 
Special  Vol. 
Director 


mtory,  tnd  inttkut*  mff^tienl 

DB,  NIDDK 
DB,  NIDDK 
DB,  NIDDK 
NIDDK 


COOPERATING  UNfTS  0  my) 


LAB/BRANCH 

Diabetes  Branch 


SECTION 

Clinical  and  Cellular  Biology  Section 


INSTITUTE  AND  LOCATION 

NIDDK,  Bethesda,  Maryland 


TOTAL  STAFf  YEARS: 

3  women 


PROFESSIONAL: 

2.0 


OTHER: 
1.0 


CHECK  APPROPRIATE  BOXIES) 


D   (a)  Human  subjects    E    (b)  Human  tissues 
D    (a1)  Minors 
D    (a2)  Interviews 


D   (c)  Neither 


SUMMARY  OF  WORK  (Urn  *fnd»rd  unmducmt  typt    Do  not  txc—d  th»  tp»ca  providtdl 

One  of  the  post  translational  modifications,  N-linked  glycosylation,  of  the  insulin 
receptor  has  been  studied  in  cultured  cells  using  an  experimental  approach  based  on 
mutagenesis  of  the  insulin  receptor  cDNA  at  specific  sites  of  potential 
modification,  transfection  of  the  cDNA  stably  into  cultured  cells,  and  then  study 
of  these  receptors  structurally  and  functionally.   Processing  of  these  mutants  was 
investigated  by  biosynthetic  labeling,  and  isolation  of  the  insulin  receptor  at 
various  time  points.   Receptors  unable  to  glycosylate  their  cells  in  the  first  four 
potential  glycosylation  sites  have  abnormal  processing.   These  receptors  do  not 
appear  on  the  cell  surface  and  remain  in  proreceptor  form  in  the  endoplasmic 
reticulum.   Mutants  of  each  of  these  sites  are  being  made  in  order  to  determine  the 
significance  of  each  of  these  sites  to  the  normal  processing  and  intracellular 
transport  of  the  receptor. 
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In  the  first  step  in  insulin  action,  insulin  binds  to  its  receptor  on  the  surface 
of  the  target  cell.   The  insulin  receptor  is  a  transmembrane  protein  that  possesses 
tyrosine-specif ic  protein  kinase  activity.   When  insulin  binds  to  the  extracellular 
domain  of  the  receptor,  this  activates  the  receptor  tyrosine  kinase  activity.   A 
growing  body  of  evidence  suggests  that  the  activation  of  the  receptor's  tyrosine 
kinase  is  a  necessary  step  in  initiating  the  biological  actions  of  insulin. 
Accordingly,  we  have  embarked  upon  a  search  for  intracellular  proteins  that  are 
substrates  for  phosphorylation  by  the  receptor-associated  tyrosine  kinase.   We  have 
identified  one  such  substrate  in  rat  liver  plasma  membranes:  a  glycoprotein  with  an 
apparent  molecular  weight  of  120,000  (pp  120).   In  addition  to  being  a  substrate 
for  the  insulin  receptor,  ppl20  can  be  phosphorylated  by  the  receptors  for 
epidermal  growth  factor  and  insulin-like  growth  factor  I.   pp  120  is  present  in 
liver  from  several  species,  but  has  not  been  identified  in  other  tissues.   The 
glycoprotein  (ppl20)  was  immunoaf f inity-purif ied  using  monoclonal  antibody  RA4. 
Based  on  partial  amino  acid  sequence  data,  ppl20  has  been  tentatively  identified  as 
ectoATPase  -  an  enzyme  associated  with  hepatocyte  plasma  membranes. 
We  have  cloned  the  rat  gene  encoding  ppl20/ectoATPase.   The  gene  contains  9  exons, 
and  spans  approximately  15  kilobase  pairs  of  DNA.   Exon  7  undergoes  variable 
splicing.   The  transcript  lacking  exon  7  encodes  an  isoform  in  which  the  cytosolic 
domain  is  truncated  to  only  10  amino  acids.   The  truncation  deletes  all  three 
putative  phosphorylation  sites.   When  the  cDNA  encoding  the  full  length  isoform  is 
expressed  by  transfection  in  3T3  cells,  it  is  capable  of  being  phosphorylated  by 
the  insulin  receptor  tyrosine  kinase. 
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This  is  a  project  to  study  the  long-term  effects  of  somatostatin  analog  treatment 
on  acromegaly.   Patients  are  treated  unblinded  with  somatostatin  analog  as  long  as 
it  is  medically  necessary.   Treatment  and  prevention  of  gallbladder  sludge  and 
gallstones,  common  side  effects  of  somatostatin  analogue  treatment,  is  being  done 
with  ursodeoxycholate,  a  bile  salt  analog  that  dissolves  gallstones.   Patients 
taking  somatostatin  analogue  are  treated  with  ursodeoxycholate  if  they  have 
gallstones  or  sludge,  and  patients  without  these  complications  are  randomized  for 
placebo  controlled  treatment  with  ursodeoxycholate  to  attempt  to  prevent  sludge 
formation.   Our  experience  with  gall-bladder  changes  in  acromegaly  has  been 
recently  reported.   Five  patients  have  been  randomized  to  masked  treatment  with 
ursodeoxycholate,  and  seven  patients  have  been  treated  unmasked  for  sludge  o: 
stones.   To  date  no  change  in  pre-existing  gallstones  or  sludge  has  been  seen,  and 
no  patient  on  masked  treatment  has  developed  sludge. 
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Regulation  of  the  number  of  insulin  receptors  on  the  cell  surface  plays  a  critical 
role  in  determining  insulin  sensitivity.   Previously,  we  have  demonstrated  that  £he 
insulin  receptor  is  regulated  at  the  transcriptional  level  by  glucocorticoids.   In 
order  to  study  the  mechanism  of  transcriptional  regulation  of  the  insulin  receptor 
gene,  we  have  cloned  the  5'  end  of  the  human  and  mouse  insulin  receptor  gene.   We 
have  begun  to  characterize  the  proximal  promoter  and  find  it  has  many  features  of  a 
"housekeeping  gene".   We  have  localized  a  weak  enhancer  upstream  of  the  promoter 
that  is  conserved  in  both  the  human  and  mouse  promoters.   This  enhancer  sequence 
binds  nuclear  proteins  from  any  difference  cell  lines.   The  proximal  promoter  is 
probably  responsible  for  the  low  level  expression  of  the  Insulin  receptor  gene 
which  occurs  in  most  cell  types.   Recently  we  have  identified  a  region  of  the  first 
intron  which  may  be  involved  in  tissue  specific  regulation.   This  region  seems  to 
be  responsible  for  the  10-fold  induction  of  the  insulin  receptor  gene  during 
adipocyte  differentiation.   Further  studies  to  identify  sequences  responsible  for 
the  transcriptional  regulation  are  underway. 
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The  ability  of  both  insulin  and  glucose  to  promote  whole  body  glucose  disposal 
(insulin  sensitivity  and  glucose  effectiveness)  is  important  for  the  regulation  of 
glucose  metabolism  in   vivo.   Insulin  resistance  occurs  in  a  variety  of  pathological 
states  including  obesity,  non-insulin  dependent  diabetes  mellitus  (NIDDM)  and 
hypertension.   Decreased  glucose  effectiveness  has  been  reported  in  NIDDM.   Since 
insulin  and  impaired  glucose  effectiveness  may  play  a  role  in  the  pathogenesis  cZ 
NIDDM,  quantitative  assessment  of  these  properties  is  of  interest.   Recently,  a 
minimal  model  approach  involving  mathematical  modeling  and  computer  simulation  has 
been  widely  used  to  estimate  both  insulin  sensitivity  and  glucose  effectiveness 
from  the  results  of  a  single  frequently  sampled  intravenous  glucose  tolerance  test 
(FSIVGTT).   The  equations  of  the  minimal  model  describe  changes  in  plasma  glucose 
concentrations  as  functions  of  insulin  and  glucose  concentrations.   A  computer 
program  uniquely  identifies  model  parameters  that  generate  a  best  fit  to  insulin 
and  glucose  data  obtained  during  the  FSIVGTT.   Thus,  the  minimal  model  is  able  to 
estimate  the  relative  contributions  of  insulin  and  glucose  to  glucose  tolerance. 
We  have  used  the  minimal  model  to  generate  specific  predictions  of  both  insulin 
independent  and  insulin  dependent  glucose  metabolism  under  a  variety  of  conditions. 
We  performed  experiments  in  subjects  with  insulin  dependent  diabetes  mellitus  and 
in  normal  subjects  to  test  these  predictions.   By  comparing  model  predictions  with 
experimental  results,  we  were  eible  to  demonstrate  that  the  minimal  model 
underestimates  the  contributions  of  insulin  and  overestimates  the  contribution  of 
glucose  to  glucose  metabolism.   Furthermore,  modifications  in  the  FSIVGTT  designed 
to  improve  minimal  model  estimates  of  insulin  sensitivity  introduced  a  consistent 
bias  in  model  estimates  of  insulin  sensitivity.   Studies  are  presently  underway  to 
confirm  these  results  and  to  understand  the  origin  of  the  discordance  between 
minimal  model  predictions  and  experimental  results.   The  data  that  we  collect  may 
allow  us  to  formulate  a  more  accurate  and  useful  mathematical  model. 
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The  insulin  receptor  is  encoded  by  a  single  copy  gene  located  on  chromosome  19  in 
the  human.   In  addition,  at  least  two  other  highly  homologous  genes  have  been 
identified.   One  gene  encodes  the  receptor  for  insulin  like  grovrth  factors  (IGF) -I 
and  -II.   The  third  gene  in  the  family  encodes  another  receptor  tyrosine  kinase. 
The  ligand  for  this  third  receptor  has  not  been  identified;  however,  preliminary 
evidence  suggests  that  this  insulin  receptor  related  receptor  does  not  bind 
insulin,  IGF-I,  or  IGF-II.   The  goals  of  this  project  are  two-fold:  (1)  to  identify 
the  ligand  for  this  receptor,  and  (2)  to  elucidate  the  physiological  role  of  the 
IRR.   Toward  this  end,  we  have  cloned  IRR  cDNA.   By  expressing  IRR  cDNA  in  cultured 
cells,  we  will  develop  a  bioassay  for  the  IRR  ligand.   In  addition,  vie  have  cloned 
the  murine  IRR  gene.   A  fragment  of  the  cloned  gene  has  been  used  to  construct  a- 
targeting  vector  that  is  being  used  to  inactivate  the  IRR  gene  by  homologous 
recombination  in  embryonic  sLem  cells.   Once  this  is  successful,  we  will  attempt  to 
construct  transgenic  mice  with  mutations  in  the  IRR  gene.   These  transgenic  mice 
will  be  studied  in  an  effort  to  determine  the  phenotypic  effect  of  mutations  in  the 
IRR  gene.   This  has  the  potential  to  provide  clues  into  the  physiological  roles  of 
the  IRR  and  its  ligand. 
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Our  goal  is  to  understand  further  two  aBp>ects  of  gene  expression:  1)  the  mechanisms 
that  operate  to  'open'  or  activate  chromatin  and  2)  those  that  dictate  how  a 
particular  gene  within  an  active  multi-gene  cluster  is  chosen  for  expression.   The 
working  model  evolving  from  studies  of  the  human  ^-globin  cluster  is  that  control 
elements  upstream  of  the  genes  provide  a  general  locus  activation  function  (by  an 
unknown  mechanism).   These  upstream  elements  also  increase  the  expression  of  the 
nearest  available  genes,  with  availability  determined  by  the  promoter.   Human 
diseases  with  defects  in  each  of  these  processes  are  known  (eg.  ^-thalassemia 
(Hispanic  form)  and  hereditary  persistence  of  fetal  hemoglobin).   Knowledge  of 
these  topics  is  part  of  the  background  needed  for  a  rational  approach  to  gene 
therapy. 

He  previously  demonstrated  that  the  chicken  ^^-globin  gene  and  its  3'  anhancer 
contain  information  sufficient  to  guarantee  position-in'^ependent  expression  in 
transgenic  mice.   (This  is  quite  different  from  the  human  ^-globin  cluster  where 
the  ^-globin  gene  needed  elements  35  kb  to  50  kb  upstream  to  guarantee  transgene 
expression.)   In  the  chick  ^^-globin  transgenics,  the  enhancer  was  essential  for 
transgene  expression.   Promoter  chromatin  activation,  as  measured  by  DNase  I 
hypersensitivity,  correlated  with  transcription.   He  have  now  made  mice  containing 
the  enhancer  without  the  ^^-globin  promoter,  and  are  examining  chromatin  activation 
in  these  mice. 

We  have  previously  identified  pan-erythroid  hypersensitive  sites  upstream  of  the  ^- 
globin  cluster.   These  sites  were  assayed  for  enhancer  activity,  with  preliminary 
data  demonstrating  such  activity  for  2  of  the  sites.   He  are  now  characterizing 
these  enhancers  with  respect  to  developmental  stage  specificity,  cis   elements,  and 
tr&ns   factors.   He  are  also  examining  their  function  in  transgenic  mice. 
A  final  project,  in  its  early  stages,  is  the  production  of  transgenic  mice  carrying 
fragments  of  chicken  genomic  DNA  containing  all  4  chicken  ^-globin  genes,  with  and 
without  the  upstream  hypersensitive  sites  and  the  ^*/t  enhancer.   These  mice  will 
address  the  question  of  which  control  elements  interact  with  which  genes. 
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SUMMARY  OF  WORK  (Um  ttandard  unraduotj  tvpa.  Do  not  >xo— d  »•  toaoa  pfovW»d.) 

The  possible  role  of  protein  kinase  C  in  the  regulation  of  glucose  transport  in 
the  rat  adipose  cell  has  been  examined.   This  study  suggests  that  the  mechanisms 
through  which  insulin  and  PMA  stimulate  glucose  transport  are  distinct  but 
interactive.   A  new  inpermeant  photoaffinity  label  has  been  used  for  identifying 
cell  surface  glucose  transporters  in  isolated  rat  adipose  cells.   The  results  show 
that  %rtiile  GUJTA  is  the  major  glucose  transporter  isoform  under  all  conditions,  it 
is  selectively  and  markedly  enriched  in  response  to  insulin  out  not  MA  *fhich 
increases  GLUTl  and  GLUT4  equally.   Furthermore,  stimulation  of  glucose  transport 
activity  correlates  closely  with  the  appearance  of  GUJT4  on  the  cell  surface  in 
response  to  both  insulin  and  PMA  but  does  not  correlate  with  the  sum  of  GLUTl  and 
GLUT4  appearance.   The  effects  of  fluorescein  isothiocyanate  II  (FITC)  on  the 
actions  of  insulin  in  rat  adipocytes  have  been  studied.   It  is  concluded  that  FITC 
at  pH  9.0  (a)  renders  both  glucose  transport  and  phosphodiesterase  activities  less 
insulin  sensitive  presumably  by  modifying  the  cellular  hormone  receptor,  and  (b) 
makes  glucose  transport  activity  less  responsive  to  insulin  presumably  by  (i) 
bjocking  hormone -dependent  translocation  of  glucose  transporter  and  (ii)  mildly 
inhibiting  intrinsic  glucose  transport  activity.  The  subcellular  trafficking  of 
tracer- tagged  GLUT4  between  the  plasma  membranes  and  low-density  microsomes  of  rat 
adipose  cells  has  been  studied.  Cell-s\irface  GLUT4  have  been  Initially  tracer- 
tagged  in  the  insulin-stimulated  state  with  a  r3H]-bis-mannose.  The  initial  exper- 
iments show  that  insulin  does  not  alter  the  half-time  for  GLUT4  endocytosis  but 
instead  increases  the  rate  of  exocytosis.  Additional  data  suggest  that  the  cells' 
entire  complement  of  GUJT4  is  involved  in  the  recycling  process.   Finally,  detailed 
time -course  data  suggest  that  there  may  be  plasma  membrane  intermediate  states  in 
the  GLUT4  trafficking  pathways.  Peptides  from  the  alpha  1  domain  of  the  major 
histocompatibility  complex  class  I  antigen  (MHC  class  I)  enhance  cellular  glucose 
uptake  above  that  of  maximal  insulin  stimulation,  prolong  the  effect  of  insulin, 
and  inhibit  insulin  receptor  internalization  in  rat  adipose  cells.   Based  on  the 
new  data  here,  we  now  propose  that  MHC  class  I  molecules  may  be  Involved  in  regula- 
tion of  the  internalization  process  of  cell  surface  integral  membrane  pro-  telns 
such  as  the  glucose  transporter.  IGF- II  receptor,  and  insulin  receptor.   We  have 
also  found  that  EGF  in  combination  with  certain  MHC  class  I -derived  peptides  is 
insullnomimetlc  and  that  this  effect  is  independent  of  insulin  receptor  activity. 
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Evidence  has  emerged  for  a  direct  role  of  glucose,  Independent  of  Insulin,  In 
the  regulation  of  cellular  glucose  transport  and  glucose  utilization  Iq  vivo.   In 
this  study,  ve  have  Investigated  potential  cellular  and  aolecular  mechanisms  for 
this  regulatory  effect  of  glucose  by  determining  how  normalization  of  glycemla 
without  Insulin  therapy  In  diabetic  rats  Influences  3>0-Bethylglucose  transport  and 
the  expression  and  translocation  of  two  genetically  distinct  species  of  glucose 
transporters  (GTs)  In  adipose  cells.  The  data  ahow  that  normalization  of  blood 
glucose  In  diabetic  rats  with  phlorizin,  which  impairs  renal  tubular  glucose 
reabsorptlon  and  thus  enhances  glucose  axcretlon,  restores  insulin- stimulated 
glucose  transport  in  adipose  cells  and  insulin-mediated  glucose  disposal  Is  vivo 
and  thus  that  ambient  glucose  independent  of  ambient  insulin  can  regulate  the 
glucose  transport  response  to  insulin  in  isolated  adipose  cells  and  changes  in 
responsiveness  parallel  alterations  in  Iq  vivo  glucose  uptake.  Since  this  effect 
can  occur  without  alteration  in  the  expression  of  the  tvo  species  of  glucose 
transporters  present  in  adipose  cells  or  in  their  translocation  to  the  plasma 
membrane  in  response  to  insulin,  it  may  result  from  changes  in  GT  fimctlonal 
activity. 
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Earlier  reports  from  our  laboratory  demonstrated  that  horaones  which  activated 
adenylyl  cyclase  (catecholamines,  glucagon,  ACTH)  in  adipose  cells  inhibited 
insulin- stiaulated  glucose  transport  activity.  Conversely  horaones  that  inhibited 
adenylyl  cyclase  (adenosine,  PGEl,  nicotinic  acid)  activated  transport  activity. 
In  contrast  to  insulin,  these  horaones  did  not  alter  the  subcellular  localization 
of  either  dim  or  GLZJT4,  but  instead  appeared  to  aodulate  transport  activity  at 
the  level  of  plasma  membrane. 

Recently  ve  have  investigated  whether  these  changes  in  transport  activity 
could  be  attributed  to  changes  in  the  phosphorylation  state  of  GLI7T4.  A  partial 
phosphorylation  of  GIJDT4  (0.1>0.2  aol/aol)  observed  in  basal  cells  was  tmaltered  by 
insulin  but  was  sligjitly  increased  by  isoproterenol.  However  this  increased 
phosphorylation  was  confined  to  those  transporters  residing  in  the  intracellular 
aeabranes .  Furtheraora  it  vas  obsery»d  both  in  .the  presence  and  absence  of 
adenosine  receptor  activation  whereas  transport  inhibition  was  only  detected  in  the 
absence  of  adenosine  agonists,  sxiggesting  that  transporter  phosphorylation  does  not 
explain  the  changes  in  transport  activity. 

An  alternative  approach  to  answer  these  questions  has  involved  the  use  of  an 
iaperaeant  (3H]>bis-aannose  photolabel  to  aonitor  horaonally  induced  changes  in 
accessibility  of  the  glucose  transporters  in  intact  adipose  cells.  The  inhibition 
of  glucose  transport  activity  induced  by  isoproterenol  correlated  closely  with  the 
decrease  in  GLUT4  accessibility.  Isoproterenol  appeared  to  induce  a  change  in  the 
conforaation  of  the  011774  transporter  such  that -'it  cannot  either  bind  photolabel  or 
transport  glucose.  Adenosine  prevented  these  effects  and  rendered  the  transporter 
aore  accessible. 
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This  study  represents  a  aajor  new  direction  in  ay  laboratory  to  investigate  the 
regulatory  aechanisas  Involved  in  the  transport  of  glucose  in  aaamallan  brain.  Two 
glucose  transporter  isoforas,  GLUTl  and  GLUT3,  have  been  identified  in  brain.   In 
whole  brain  GLUTl  is  detected  as  two  aolecular  weight  foras:  a  55kDa  fora  which  is 
concentrated  in  the  endothelial  cells  of  the  blood-brain  barrier  and  a  45  IcDa  fora 
present  in  vascular-free  cortical  aeabranes,  as  well  as  in  priaary  cultures  of 
neurons  and  glia.   In  the  rat,  GLUT3  is  expressed  exclusively  in  the  brain  but  is 
notably  absent  froa  the  blood-brain  barrier  of  both  rat  and  huaan.  Ontogeny 
studies  Indicate  that  in  the  rat  brain,  the  concentration  of  CirT3  and  both  foras 
of  GLUTl  progressively  increase  froa  the  fetus  through  30  days  postnatally.  Ve 
have  detected  GLUT3  in  adult  rat  brain  in  all  regions  except  the  adenohypophysis 
and  pineal  gland,  in  priaary  neuronal  but  not  astrocytic  cultures,  and  In  cultured 
cells  «f  neuronal  origin,  e.g.  PC12  and  MGIOS-IS  cells.  Studies  with  priaary 
Cultures  revealed  an  increase  in  the  GLUT  1  and  3  aRMA  and  protein  levels  which 
peaked  at  4  and  6  days  respectively,  coincident  with  aaxiaal  glucose  transport 
capacity  and  coaplete  cellular  differentiation,  (^lantitative  studies  using  either 
a  specific  [3H]-bis-Bannose  photolabel  or  [3SS]  Methionine  incorporation  indicated 
that  the  concentration  of  GLUT3  is  five  times  greater  than  GII3T1  in  these  cultured 
neurons.   In  serua-free  cultures  GLUTl  and  GLUT3  expression  appears  to  be 
unaffected  by  aablent  glucose  concentrations  but  is  reduced  by  lowering  the 
potassium  concentrations. 
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ANNUAL  REPORT  OF  THE  CLINICAL  HEMATOLOGY  BRANCH 

National  Institute  of  Diabetes  and  Digestive  and  Kidney  Diseases 

Study  nf  TTrnnunolngy  of  Blood  CpII  Deficiencies 

nhjertives: 

To  Study  the  immunochemistry  of  allergic  disorders  affecting 
blood  cells  and  effects  of  the  immune  reactions  on  cellular 
physiology,  biochemistry,  and  In  vivo  cellular  kinetics. 

MP" hods  Pmplnypd; 

Isoelectric  focusing;  anion  exchange  chromatography;  enzyme 
activity  assays;  gel  filtration  of  platelets;  platelet  activation 
by  thrombin  and  other  agonists;  Western  blotting;  PVDF  blotting  of 
proteins  for  sequencing;  microtiter  enzyme-linked  immunoassays  for 
Ig  quantitation;  fluorescence-activated  cell  scanning;  purification 
of  antibodies  by  adsorption/elution;  monoclonal  antibody  antigen 
capture  assays;  fibrinogen  binding  by  platelets;  complement 
fixation;  electron  microscopy;  native  gel  electrophoresis;  enzyme 
(calpain)  purification  from  platelets;  cryoprecipitation;  lectin 
and  monoclonal  affinity  chromatography  for  glycoprotein 
purification;  immunoprecipitation;  monocyte  elutriation;  protein 
and  RNA  synthesis  using  labeled  precursors;  specific  mRNA  assays 
for  IL6,  ILl,  and  TNF;  intracellular  Ca"'"''  flux  measurements;  HPLC 
analysis  of  arachidonate  metabolites,  prostaglandins,  leukotrienes, 
and  HETEs;  platelet  serotonin  and  ATP  secretion  studies;  PCR 
amplification  of  modified  platelet  GP  cDNA  and  expression  of  GPs 
for  studies  of  autoAb  epitope  specificities. 

1.   Multiple  la  Classes.  Specificities,  and  Affinities  of  Anti- 
Qlvcoprotein  Autoantibodies  in  Sera  of  Patients  with  Chronic 
Idiopathic  Thrombocytopenic  Purpura  <ITP)  and  Other  Immune 
Thrombocyt open  i  a  s . 

Findinyc;; 

Plasma  antiplatelet  autoantibodies  (autoAbs)  responsible  for 
ITP  decrease  recovery  and  survival  of  homologous  platelets  in 
almost  all  thrombocytopenic  patients,  yet  recent  reports  on 
serologic  studies  emphasizing  reactions  of  IgG  autoAbs  with 
platelet  glycoproteins  (GPs)  indicate  that  >50%  of  ITP  plasmas 
contain  either  no  detectable  Abs  or  Abs  that  react  primarily  with 
presumptive  cytoplasmic  domains  of  membrane  GPs.  We  modified 
existing  immunobead  techniques  to  increase  sensitivity  by  using 
purified  GPs  and  found  anti-GPs  in  sera  of  85%  of  47  chronic  ITP 
patients.   IgA  and  IgG  Abs  were  each  present  in  68%  of  patients, 
together  in  51%;  and  IgM  agglutinins  were  present  in  15%,  always 
with  another  Ab  class.   GPs  Ib/IX,  Ilb/IIIa,  IV,  and  la/IIa  were 
targets  in  83%,  81%,  38%,  and  30%  of  cases,  respectively;  93%  of 
positive  sera  reacted  with  more  than  one  GP,  and  GP  IV  or  la/IIa 


was  never  the  sole  target.   For  maximum  positive  results  (85%), 
tests  for  IgA  and  IgG  Abs  against  GPs  Ib/IX  and  Ilb/IIIa  were 
necessary  and  sufficient.   As  judged  by  adsorptions  with  solid 
phase  C-terminal  dodecapeptides  of  GP  Ilia  and  Iba  and  adsorptions 
with  intact  platelets,  Abs  against  C-terminal  epitopes  were  found 
in  66%  of  cases,  accompanied  by  Abs  against  other  epitopes  of  the 
same  or  a  different  GP  in  all  cases.   Sera  of  40%  of  16  patients 
recovering  from  posttransfusion  purpura  and  drug  purpura  had 
autoAbs  against  only  internal  GP  epitopes,  and  sera  from  15 
patients  with  decreased  platelet  production  had  no  anti-GPs, 
suggesting  that  Abs  against  internal  GP  epitopes  are  a  secondary 
phenomenon  of  platelet  destruction.  Different  ITP  Abs  present  in 
excess  bound  to  GP-coated  beads  in  amounts  lower  than  known  high- 
affinity  alloantibodies  against  the  same  GPs,  indicating  that  most 
ITP  Abs  are  of  relatively  low  affinity  and  therefore  require  highly 
sensitive  methods  for  their  detection.   Although  none  of  these 
diverse  serologic  observations  correlated  with  severity  or 
remission  of  ITP,  Abs  against  external  GP  epitopes  were  limited  to 
ITP  sera. 

Planned  Worl^ 

a.  We  will  attempt  to  identify  amino  acid  sequences  of  the 
specific  epitopes  in  GPs  Illa  and  lb  that  appear  to  be  the  targets 
of  pathogenic  autoAbs  in  ITP  by  using  site-directed  mutagenesis  of 
the  cDNA  coding  for  these  GPs,  PCR  amplification,  and  a  bacterial 
expression  system.   GP  segments  will  be  screened  by  Western  blots 
using  patients*  Abs  we  have  already  identified  in  the  above  study. 

b.  Approximately  20%  of  patients  refractory  to  platelet 
transfusions  have  serum  antibodies  against  platelet-specific 
antigens  which  do  not  correspond  to  known  platelet  allotypes.  We 
will  test  a  series  of  refractory  patients  for  antibodies  against  C- 
terminal  cytoplasmic  epitopes  in  addition  to  alloantigenic  external 
epitopes  of  major  platelet  GPs  to  help  clarify  obscure  serology  in 
these  cases. 

c.  We  will  prepare  purified  ITP  Abs  by  elution  from  ITP 
platelets  and  from  normal  platelet  membranes  incubated  in  ITP  sera 
to  determine  affinities  of  their  reactivities  when  exposed  to  known 
quantities  of  the  various  major  platelet  GPs  immobilized  on 
polystyrene  beads.   This  information  may  help  explain  poor 

■correlations  between  serologic  observations  and  the  course  of  ITP, 
and  the  controversial  significance  of  platelet-associated 
immunoglobulins  in  this  disease. 

d.  Purified  immune  globulin  (IVIgG)  is  effective  therapy  in  a 
high  percentage  of  patients  with  ITP,  but  reasons  for  this  are 
obscure.   The  effects  of  IVIgG  on  reactions  of  patients'  antibody 
with  specific  platelet  GPs  will  be  evaluated,  particularly  with 
respect  to  possible  identification  of  anti-idiotypic  Abs. 


325 


e.  We  will  characterize  anti-GPs  in  HlV-associated 
thrombocytopenia  as  in  b  above.   Whether  Abs  are  responsible  for 
thrombocytopenia  in  HIV-infected  patients,  and,  if  so,  whether  they 
are  similar  to  those  in  ITP  or  directed  against  viral  components 
are  open  questions. 

2.  Pathophysiology  of  Posttransfufiion  Purpura  (PTP) . 

Findings: 

PTP  is  a  disease  almost  exclusively  in  women  caused  by 
alloantibodies  against  transfused  platelet  antigens.   In  the 
initial  report  defining  PTP,  we  proposed  as  a  mechanism  of 
thrombocytopenia,  that  foreign  antigen  (Pl^l  in  a  Pl^l-negative 
patient  who  in  years  past  has  given  birth  to  a  Pl^^-positive  child) 
survives  in  vivo  longer  than  the  period  of  amamnestic  antibody 
induction,  and  that  antibody  complexed  with  foreign  antigen,  is 
adsorbed  by  autologous  platelets  causing  their  destruction.   We 
reported  finding  nonsedimentable  microparticulate  platelet-derived 
antigen  (Pl^^  antigen)  in  stored  blood  and  plasma  that  could  be 
adsorbed  in  vitro  by  Pl^^-negative  platelets  in  the  presence  or 
absence  of  anti-Pl^^  antibody.   Last  year  we  found  that,  during 
periods  of  thrombocytopenia,  plasmas  from  6  of  6  Pl^^-negative  PTP 
patients  contained  microparticulate  Pl^^  antigen  derived  from 
platelets  transfused  up  to  10  days  previously.   Antigens  survived 
in  quantities  sufficient  to  coat  autologous  antigen-free  platelets 
with  200  to  1000  antigen-antibody  complexes  per  platelet  which  is 
sufficient  to  cause  thrombocytopenia  under  experimental  conditions 
in  vivo.   Of  special  significance  was  the  finding  that  the  syndrome 
could  be  reproduced  in  guinea  pigs  by  infusing  nonsedimentable 
platelet  microparticles  obtained  from  human  Pl'^^-positive  blood 
followed  by  infusion  of  affinity  purified  anti-Pl^^  from  patients 
with  PTP.   Guinea  pigs  developed  thrombocytopenia  only  when  antigen 
was  followed  by  antibody  or  when  antigen-antibody  complex  were 
infused,  but  not  when  antigen  or  antibody  was  infused  alone. 
Platelet  microparticles  that  were  adsorbed  contained  the  activation 
antigen,  GMP-140,  cytoplasmic  carboxy-terminal  epitopes  of  platelet 
membrane  glycoproteins  Ilb/IIIa  and  Ib/IX,  fibrinogen,  and 
fibronectin,  indicating  that  the  particles  were  released  from 
activated  platelets.  Platelet  activation  could  be  associated  with 
storage  under  blood  ban)c  conditions  or  with  senescence  of 
transfused  platelets  in  vivo.  Cooling  to  4''C  \inder  blood  ban)c 
conditions  caused  elevation  of  platelet  cytoplasmic  calcium  and 
tyrosine  phosphorylation  of  the  130  kD  protein  associated  with 
platelet  activation  (see  project  ZOl  DK51,  001-32CHB)  which  is 
known  to  produce  platelet  microvesiculation.   In  electron 
microscopic  studies  so  far  we  have  identified  nonsedimentable 
antigen-containing  vesicular  structures  of  400  to  4000  angstroms  in 
diameter  concentrated  in  lipid-rich  fractions  of  normal  plasma  from 
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cooled  and  stored  blood.  These  structures  are  not  associated  with 
lipid  spheres  of  LDL. 

Planned  work: 

a.  To  exploit  the  guinea  pig  model  to  determine  stoichiometry, 
complement  dependence,  and  other  attributes  of  immune  reactions 
that  result  in  platelet  destruction  and  to  define  the  smallest 
polypeptide  chain  of  GP  Ilia  containing  the  Pl^^  epitope  that  will 
support  immune  reactions  causing  thrombocytopenia. 

b.  To  determine  whether  there  are  increases  in 
microparticulate  material  in  plasma  from  patients  with  destructive 
thrombocytopenias  and  whether  adsorption  of  this  material  with 
antigenic  cytoplasmic  or  cryptic  epitopes  oriented  externally  (see 
study  #1  above)  may  contribute  to  platelet  destruction. 

c.  To  continue  development  of  gold  and  biotin-streptavidin 
labelling  techniques  for  characterizing  microparticles  by  electron 
microscopy. 


3.  Pathophysioloav  of  Idiopathic  Thrombocytopenic  Purpura. 

Findings: 

Macrophages  appear  to  participate  in  destruction  of  platelets 
in  ITP  as  evidenced  by  return  of  platelets  in  the  face  of 
persistent  circulating  antibody  during  therapeutic  responses  to 
splenectomy  and  adrenocorticosteroids.   There  are  several  reports' 
indicating  that  platelets  form  rosettes  or  clusters  with  monocytes 
in  the  presence  of  ITP  plasma,  suggesting  monocyte  activation  by  an 
immunologic  reaction.   However,  these  observations  require 
subjective  interpretation,  are  quite  variable,  and  may  be  artifacts 
of  nonimmune  platelet  activation  which  causes  platelet-monocyte 
interaction.   We  found  no  differences  in  effects  of  normal  and  ITP 
plasmas  on  platelet-monocyte  resetting.   In  attempts  to  objectively 
evaluate  effects  of  anti-platelet  antibodies  on  monocyte  activation 
in  the  presence  of  platelets,  elutriated  monocytes  were  sensitized 
(armed)  with  95%  pure  IgG  derived  from  ITP  plasma  or  plasma  from 
patients  with  high-titer  alloantibodies  (anti-Pl^i)  due  to  PTP  (see 
above) .   The  armed  monocytes  were  loaded  with  ^H-arachidonic  acid 
(AA)  and  exposed  to  platelets  adherent  to  tissue  culture  wells.  AA 
metabolites  secreted  in  culture  supernatants  were  analyzed  by  HPLC. 
Last  year,  on  the  basis  of  analyses  with  4  ITP  and  3  PTP  patients, 
it  appeared  that  leulcotriene  (LT)  and  hydroxyeicosanoic  acid  (HETE) 
metabolites  were  consistently  higher  than  control  values  obtained 
with  normal  IgG;  but  after  doubling  the  number  of  determinations  to 
14  patients  and  14  controls  during  the  past  year,  an  overlap 
between  the  two  groups  was  apparent,  and  significant  differences 
remained  only  for  LTB4  with  ITP  Abs  (p<.01)  and  PTP  Abs  (p<.05). 
It  appears  that  adherence  of  platelets  to  wells  causes  exposure  of 
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the  GMP-140  platelet  antigen  which  initiates  monocyte  activation  in 
control  assays  and  obscures  effects  that  might  be  caused  by 
specific  antibodies. 

Planned  work: 

a.  If  lymohocytokines  stimulate  platelets,  activation  of 
monocytes  by  platelet-antibody  systems  might  contribute  to  platelet 
destruction  in  the  RZS  by  promoting  platelet  secretion  and 
aggregation.   There  is  no  information  on  the  direct  effects  that 
various  cytokines  might  have  platelet  function.   This  will  be 
tested. 
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Immune-mediated  thrombocytopenias  are  the  leading  cause  of  hemorrhagic  diathesis, 
the  prevelance  being  greater  than  1  per  2,000.  Autoimmune  idiopathic  thrombocytopenic 
purpura  (ITP)  is  the  most  common  type.  Sensitizing  antigens  (Ags)  in  ITP  have  not 
been  defined  and  most  serologic  tests  for  antiplatelet  antibodies  (Abs)  have  been  in- 
sensitive or  nonspecific.   We  developed  an  assay  for  Abs  against  major  platelet  mem- 
brane glycoproteins  (GPs)  and  their  peptide  derivatives  which  detected  Abs  in  85%  of 
47  IIP  patients,  defined  the  classes  and  affinities  of  Abs,  and  determined  p>ercentage 
of  cytoplasmic  versus  external  membrane  epitopes  involved  in  sensitization. 

Posttransfusion  purpura  (PTP)  is  a  rare  disorder  occurring  5-7  days  after  trans- 
fusions containing  platelet  material.  Patients'  plasmas  contain  an  alloAb  against  a 
platelet  Ag  lacking  in  the  patient  but  present  in  transfused  blood.   Reasons  for  de- 
struction of  autologous  platelets  have  been  obscure.   Ne  have  now  shown  that  there 
are  platelet-derived  membrane  Ags  in  normal  donor  plasma  that,  when  transfused,  elic- 
it alloAbs  that  adsorb  to  recipients'  platelets  as  Ag-Ab  conplexes  and  cause  platelet 
destruction.   He  developed  a  guinea  pig  model  to  reproduce  this  disease  and  have  used 
electron  microscopy  to  identify  the  platelet  microparticles . 

Occurrence  of  phagocytosis  in  immune  platelet  destruction  is  controversial.   We 
studied  metabolic  responses  of  mcnocytes  armed  with  antiplatelet  auto-  and  allo-Abs 
and  exposed  to  appropriate  platelet  Ags  for  indications  that  monocytes  may  partici- 
pate in  immune  platelet  destruction.   Arachidonate  metabolites  including  thrombox- 
anes, leukotrienes,  and  prostaglandin  E2  were  increased  in  monocytes  armed  with  anti- 
bodies from  ITP  or  PTP  patients  and  then  exposed  to  platelet-specific  Ags,  suggesting 
that  cellular  immunity  plays  a  role  in  immune  thrombocytopenia. 

Among  patients  referred  with  platelet  dysfunction,  3  had  unicjue  Abs  causing  hem- 
orrhage by  interfering  with  the  RGD  binding  site  of  the  integrin,  GPIIb/IIIa.   A  pa- 
tient with  drug  hemolytic  anemia  had  antibodies  reactive  with  band  3  which  is  the 
first  time  a  specific  red  cell  membrane  protein  has  been  implicated  in  this  syndrome. 
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Platelets  prevent  hemorrhage  by  a  secretory  process  controlled  through  an 
intracellular  chain  of  biochemical  events  similar  to  that  in  all  other  secretory 
cells.   Tyrosine  kinase  (TK)  activity,  which  causes  tyrosine  phosphorylation  (TP)  of 
SF>ecific  cellular  proteins  is  temporally  associated  with  secretion  by  platelets  and 
other  cells,  as  well  as  with  cellular  responses  such  as  growth,  contact  inhibition, 
and  malignant  transformation.   The  role  of  TP  in  these  processes  is  not  known.   Last 
year,  we  found  increased  platelet  cytoplasmic  calcium  that  accompanies  secretion 
promotes  TP  of  a  130  kD  major  cytoplasmic  protein,  while  a  homeostatic  level  of  cal- 
cium in  storage  con?)artments  promotes  tyrosine  dephosphorylation  of  this  protein.   (J 
Biol  Chem  226:16911-16916,  1991).   This  year,  we  identified  the  130  kD  platelet 
protein  as  vinculin  by  its  reaction  with  both  monoclonal  anti-phosphotyrosine  and 
anti-vinculin  on  Western  blot,  by  affinity  chromatography  isolation  with  both 
antibodies,  and  by  isoelectric  focusing  of  a  single  protein  with  a  pi  for  vinculin 
that  reacted  with  anti-vinculin  and  anti-phosphotyrosine.  Since  TP  of  vinculin  is  un- 
der control  of  cytosolic  and  stored  calcium  and  vinculin  is  kno%m  to  be  linked  via  o- 
actinin  to  platelet  glycoprotein  Ilb/IIIa  which  mediates  calcium  influx,  vinculin  may 
be  involved  in  regulation  of  platelet  membrane  calcium  channels. 


ANNUAL  REPORT  OF  THE  GENETICS  AND  BIOCHEMISTRY  BRANCH 


NATIONAL  INSTITUTE  OF  DIABETES  AND  DIGESTIVE  AND 
KIDNEY  DISEASES 


Biochemical  Generics  Section 

Dr.  Proia  and  his  colleagues  have  continued  their  studies  of  the  lysosomal  enzyme 
P-hexosaminidase(a  deficiency  of  which  is  responsible  of  Tay-Sachs  disease).  This 
enzyme  is  made  up  of  two  subunits  a  and  p.  Over  the  last  few  years  they  have  cloned  the 
cDNAs  and  genes  for  both  chains  of  the  human  p-hexoaminidase.  In  the  last  year  they 
have  started  to  investigate  the  mechanism  by  which  the  major  mutation  in  Ashkenazi  Jewish 
Tay-Sachs  carriers  and  patients,  a  4  base  pair  insertion  in  exrai  1 1  of  the  HEXA  gene,  leads 
to  the  degradation  of  the  mRNA  for  this  gene.  They  have  develqjcd  a  system  to  investigate 
the  effect  of  the  4  bp  on  HEXA  mRNA  expression.  Cells  transfected  with  a  mini-gene 
containing  the  4  bp  mutation,  however,  yielded  undetectable  HEXA  mRNA.  The  mRNA 
level  was  restored  with  a  mini-gene  containing  the  4  bp  mutation  when  1  bp  was  deleted 
upstream  to  correct  the  reading  frame. 

In  addition,  Dr.  Proia  and  his  colleagues  have  started  to  examine  how  in  particular 
tissues  and  under  certain  circumstances  the  expression  of  lysosomal  enzymes  is  enhanced 
over  the  ccmstitutive  levels  typical  for  genes  encoding  house  keeping  enzymes.  To  that  end 
they  have  charaaerized  the  promoter  region  of  the  HEXB  gene.  They  have  found  that  both 
the  mouse  and  human  HEX6  genes  contain  a  homologous  SO  bp  region  with  functional 
promoter  activity  within  40  bp  of  the  respective  RNA  stan  sites,  "fiie  regions  contains 
several  binding  sites  for  transcription  factors. 

Molecular  Genetics  Section 

Dr.  Ackerman  and  collaborators  have  cwitinued  their  work  cm  tfie  nxxk  of  action  of 
the  Aspergillus  toxin  a-sarcin  and  other  substances  that  inhibit  protein  synthesis.  They  had 
previously  demonstrated  that  several  toxins  all  inactivate  protein  synthesis  in  cells  by 
attacking  a  highly  conserved  sequence  in  28S  ribosomal  RNA.  They  had  also  shown  that 
modified  oligonucleotides  and  ribozymes  complementary  to  the  same  region  of  28S  RNA 
also  abolish  protein  synthesis.  They  have  now  denx>nstrated  that  certain  nucleases  are 
surprisingly  efficient  in  abolishing  protein  synthesis  and  that  one  of  these  nucleases 
selectively  hydrolyzes  tRNA  when  injected  into  Xenopus  oocytes. 

On  a  different  project  Dr.  Ackerman  and  his  colleagues  have  extended  their  stdies 
on  DNA  repair.  They  have  demonstrated  pynmidine  dimer  repair  by  micro-injecting  UV- 
irradiated  DNAS  into  Xenopus  oocytes  or  in  a  cell-£ree  system  by  using  an  extraa  derived 
from  oocytes.  They  have  also  stucUed  DNA  repair  for  aJJkylated  and  chemically  oKxlified 
DNA  as  well  as  DNA  replication  widi  their  repair  extract 

Dr.  Hsieh  and  her  coUeagues  are  examining  the  effects  of  mismatched  bases  on 
DNA  branch  migration.  When  heteroduplex  DNA  is  formed  in  the  course  of  the 
recombination  or  repair  of  DNA  the  heteroduplex  regions  can  undergo  branch  migration. 
Depending  on  the  direction  of  this  branch  miction,  the  length  of  the  heteroduplex  region 
will  increase  or  decrease.  Longer  heteroduplex  regions  will  result  in  an  increase  in  the 
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amount  of  genetic  information  that  is  exchanged  between  homologues.  In  order  to  study 
this  problem  they  have  developed  a  nxxiel  four  stranded  system  to  systematically  examine 
the  effect  of  mispaired  or  unpaired  bases  on  nonenzymatic  branch  migration. 

Using  a  series  of  short  duplexes  40-60  bp  long,  they  have  observed  that  the 
reaction  consists  of  several  distinct  steps,  annealing  of  &e  two  duplexes,  initiation  of  a 
Holliday  junction  and  branch  migration.  Their  results  demonstrate  that  a  single  mismatched 
base  pair  impeded  branch  migration.  Their  woilc  also  indicates  that  the  block  on  branch 
migration  iiiq>osed  by  mismatches  is  more  pronounced  in  the  presence  of  Mg2+. 

Dr.  Hsieh  and  coworkers  are  also  attempting  to  obtain  a  chicken  cDNA  ctme  for  a 
type  I DNA  ligase.  They  wish  to  exploit  tfie  fact  tfxat  chicken  B  cells  cany  out  homologous 
recombination  at  unusually  high  frequencies  to  create  a  ligase-deficient  chicken  B  cell  line 
by  gene  targeting.  In  this  manner,  they  may  be  able  to  assess  the  physiological  function  of 
type  I  ligase  in  vertebrate  cells. 

Dr.  Camerini-Otero  and  his  colleagues  continue  their  studies  aimed  at  dissecting  the 
biochemical  steps  involved  in  genetic  recombination.  Over  the  last  few  years  they  have 
focused  on  identifying  the  proteins  responsible  and  how  they  work.  They  have  chosen  to 
concentrate  their  efforts  on  a  key  early  step:  strand  exchange  between  homologous  parental 
DNAs.  In  vitro,  the  product  of  this  exchange  is  joint  niolecule  composed  of  a  single-strand 
DNA  joined  to  the  end  of  a  duplex  DNA.  First  they  identified  several  eukaiyotic  proteins 
responsible  for  this  reaction.  Recently  they  have  established  a  new  paradigm  of  this 
hc«nologous  pairing:  that  all  recombinascs,  including  the  E.coli  recA  protein,  can  hybridize 
a  single  strand  of  any  sequence  and  an  intact  duplex.  That  is,  the  three  strand  for  a  novel 
DNA  triplex  (which  they  have  designated  R-form  DNA)  in  which  the  third  strand  may 
include  both  purines  and  pyrimidines.  Recently,  they  have  used  thermal  denaturation  of 
chemically  substituted  DNAs  and  chemical  footprinting  of  R-form  DNA  to  confirm  that  the 
third  strand  in  R-form  DNA  is  in  the  major  groove  of  the  duplex. 

Dr.  Camerini-Otero  and  colleagues  have  also  been  able  to  isolate  synaptic 
complexes  consisting  of  all  the  three  strands  and  recA.  These  structures  have  been  studied 
in  detail  and  will  continue  to  be  the  basis  of  additional  structural  investigations.  The 
kinetics  of  formation  of  these  complexes  are  being  used  as  a  model  for  the  homology 
search  process  in  the  obligatory  recombination  events  during  meiosis.  The  synaptic 
complexes  have  also  been  used  to  develop  a  method  for  the  selective  cleavage  of  human 
DNA  (RecA-Assisted  Restriction  Endonuclease  (RARE)  cleavage);  this  method  is  now 
being  applied  to  map  and  clone  large  fragments  of  DNA  close  to  the  Huntington  Disease 
and  Multiple  Endocrine  Nec^lasia  1  genes. 

In  addition,  Dr.  Camerini-Otero  and  colleagues  have  been  successful  in  cloning  die 
gene  for  a  thermostable  recA  honwlogue.  This  protein  should  be  very  useful  for 
mechanistic  studies  and  for  several  important  tq^plications  in  biotechnology.  Finally  .they 
have  cloned  from  yeast  and  higher  eukaryotes  several  sequence  homologues  to  recA.  They 
are  attempting  to  establish  functional  homology  between  the  proteins  encoded  by  these 
genes  and  the  E.  coli  recA  protein. 

Mechanisms  of  Gene  Regulation  Section 

Investigators  in  this  section  conduct  basic  scientific  research  on  the  mechanisms  of 
action  of  the  thyroid  hormone  and  effects  of  a  family  of  POU-domain  genes  on 
anteroposterior  axis  formation  during  amphibian  embryogenesis. 
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Dr.  Nikcxlem  and  colleagues  continue  to  study  how  the  rate  of  transcription  of 
target  genes  is  modulated  by  binding  of  thyroid  hormone  receptor-hormone  complex  to  the 
specific  DNA.  The  thyroid  hormone  receptor  receptor  a  gene  is  alternatively  spliced  to 
give  the  a  receptor  and  a  variant  which  does  not  bind  thyroid  hormone.  An  additional  a 
like  receptor,  Rev-crbAo,  is  transcribed  from  the  opposite  strand  downstream  of  thyroid 
hormone  receptor  a  but  convergent  over  256  bases  with  the  variant  and  not  the  a  reoeptor. 
The  overlapping  regions  of  these  two  transcripts  raises  the  possibility  that  a  sense-antisense 
hybrid  might  form  in  vivo  and  thus  could  modulate  a  level  of  the  variant  with  cooccmiitant 
increase  in  production  of  the  a  mRNA.  No  functional  results  could  be  seen  in  vivo  from 
potential  anti-sense  pairing  of  Rev-ert)Aa  with  the  variant,  since  die  level  of  variant  mRNA 
stays  high  fr  jm  fetal  to  adult  stage,  while  the  Rev-erbAa  is  present  only  in  adult  tusues. 

An  additional  means  in  controlling  the  action  of  thyroid  honnone  could  be  provided 
by  regulating  expression  of  the  receptOT  gene.  Dr.  Nikodem  and  her  colleagues  clcMied  and 
sequenced  &e  5'  flanking  region  of  the  receptor  a  and  minimal  promoter  sequences 
required  for  expression  of  this  gene  were  characterized.  This  promoter  is  GC  rich  and  it 
docs  not  contain  either  a  TATA  or  CAAT  box.  Furthermore  the  promoter  activity  is  down 
regulated  by  the  receptor  a  itself  in  hormone  dependent  fashion. 

In  another  study  Dr.  Nikodem's  group  fully  characterized  two  thyroid  hormone 
response  elements.  Malic  enzyme  element  functions  as  a  thyroid  hormone-receptor 
dependent  enhancer  of  the  GC  rich  malic  enzyme  promoter  and  the  myelin  basic  protein 
element  as  an  enhancer  of  the  promoter  containing  TATA  and  CAAT  boxes.  There  are 
thyroid  hormone  dependent  quantitative  di^erences  in  transcriptional  activation  with  the 
receptor  a  and  p  on  these  two  thyroid  hormone  response  elements.  So  far,  they 
demonstrated  that  both  the  myelin  basic  protein  thyroid  hormone  response  element 
(arranged  as  an  inverted  palin(Gx>me)  and  a  TATA  like  sequence  are  required  for  more 
efficient  thyroid  hormone  responsiveness  elicited  by  the  P  receptors.  In  the  case  of  the 
malic  enzyme  promoter,  more  efficient  thyroid  hormone  dependent  activation  by  the  a 
receptor  requires  the  malic  enzyme  element  (arranged  as  a  direct  repeat)  and  an  element 
within  122  nucleotides  upstream  from  the  stan  of  transcription. 

Dr.  Nikodem  and  collaborators  also  constructed  plasmids  expressing  the  receptor  a 
with  polyhistidine  tail.  Baculovirus  and  E.  coli  expression  systems  and  a  nickle  column 
have  been  used  to  purify  the  overexpressed  receptor.  This  receptor  is  being  used  to  study 
various  parameters  in  heterodimer  formation  of  the  receptor  and  other  nuclear  proteins  and 
effect  of  the  ligands  in  binding  of  these  complexes  to  thyroid  hormone  response  elements. 

Dr.  Sato  and  her  colleagues  are  investigating  functions  of  the  POU  domain  gene 
family  which  has  been  shown  to  be  important  in  tissue  specific  gene  regulation  during 
development.  It  has  been  proposed  that  POU  class  m  transcription  factors  act  in  a 
combinatorial  fashion  to  establish  various  neuronal  phenotypes  in  the  brain.  The  role  of 
two  of  these  POU  class  III  factors,  XLPOU  1  and  XLPOU  2,  in  early  neural  development 
was  studied.  In  situ  hybridization  analysis  of  Xenopus  embryos  has  denx>nstrated  that  in 
the  neural  plate,  XLPOU  1  gene  expression  is  restricted  to  the  future  midbrain  ajid 
hindln^un.  In  tailbud  stage  embryos,  additional  XLPOU  1  gene  expression  is  observed  in 
the  fOTebrain  and  eyes.  XLPOU  2  gene  expression  is  observed  in  the  ventral  forebrain, 
midbrain,  and  hindbrain.  XLPOU  1  and  XLPOU  2  should  prove  to  be  useful  markers  in 
studying  how  the  anterior  part  of  the  brain  is  established.  When  embryos  are  treated  with 
retinoic  acid  or  its  derivatives,  anterior-posterior  polarity  in  the  nervous  system  is 
disrupted,  resulting  in  a  posteriorization  of  the  embryonic  brain.  Using  lineage  tracers  to 
map  the  cell  fate  of  anterior  blastomeres,  it  was  demonstrated  that  the  underlying 


333 


mechanism  of  a  retinoic  acid  posteriorization  of  the  brain  was  due  to  a  change  in  cell  fate. 
Fuithennore,  concurrent  with  the  loss  of  forebrain  structures  that  occurs  with  low  doses  of 
retinoic  acid,  cells  in  a  more  posterior  position,  the  XIPOU  1-  and  XIPOU  2-  expressing 
cells  of  die  midbrain  and  eye,  were  shown  to  proliferate. 

Endocrinology  Section 

Studies  are  continuing  on  the  diagnosis  of  thyroid  cancer  and  its  treatment  with  I- 
131.  Twenty  patients  with  high-risk  cancer  have  been  entered  into  the  protocol  using 
doxorubicin  (adriamycin)  as  a  radiation  enhancer.  Seven  patients  were  randomized  to 
receive  the  combination  therapy  and  a  total  of  19  such  treatments  have  been  administered 
with  no  apparent  additional  toxicity. 

A  second  group  d"  patients  were  given  recombinant  human  TSH  to  stimulate  1-131 
uptake  in  thyroid  remnants  following  thyroidectomy.  This  Phase  I/n  study  is  pan  of  a 
multi-institutional  tffan  in  collaboration  with  Dr.  Bruce  Weintraub  and  Uie  Genzyme 
Corporation.  Initial  results  indicate  that  the  drug  t^pears  to  be  effective  and  safe;  the  next 
phase  will  be  to  test  rhTSH  in  patients  with  metastatic  cancer.  If  effective,  it  will  greatly 
simplify  the  diagnosis  and  treatment  of  metastatic  thyroid  cancer  by  avoiding  the  need  for 
withdrawal  of  thyroid  hormone  and  inducing  hypothyroidism. 

A  third  group  of  patients  is  under  study  to  evaluate  serum  thyroglobulin  (TG)  as  a 
guide  to  1-131  therapy  when  the  diagnostic  whole  body  1-131  scan  is  negative.  In  14 
patients  who  received  up  to  3  treatments  with  150  to  300  mCI  the  post  therapy  scan  was 
positive  in  13  patients  (21  of  28  treatments)  and  7  showed  metastatic  disease.  Serum  TG 
decreased  in  82%  of  patients  and  reverted  to  ^ug/ml  in  29%;  the  post  therapy  scan  became 
negative  in  50%.  Further  follow-up  is  required  to  determine  whether  tfiis  therapeutic  effect 
will  improve  prognosis  and  survival. 

Luigi  Bartalena  continued  his  study  of  the  effect  of  interleukin-6  (IL-6)  on  the 
synthesis  of  thyroxine  and  Cortisol  binding  globulin  (TEG  and  CBG)  in  cultured  human 
hepatoma  cells  (HepG2).  These  serum  transport  proteins  are  members  of  the  serine 
antiprotease  (serpin)  family,  which  includes  alpha  1 -antitrypsin  and  alpha  1- 
antichymotrypsin,  "acute  phase  proteins"  whose  synthesis  increases  dramatically  during 
infection,  trauma,  etc.  Both  TBG  and  CBG  synthesis  and  secretion  were  decreased  by  IL- 
6.  Whereas  transcription  of  the  TGB  gene  was  decreased,  no  change  in  transcription  of  the 
CBG  gene  was  detected.  This  suggests  divergence  of  a  common  ancestral  gene  for  these 
proteins.  The  decrease  in  CBG  in  the  acute  phase  phenomenon  could  result  in  an  increase 
in  local  free  Cortisol  which  might  play  a  role  in  combating  inflammation. 

Salvatore  Benvenga  and  Hans  Cahnmann  continued  dieir  analysis  of  thyroxine  (T4) 
binding  to  high-density  lipoproteins  (HDL)  by  photoaffinity  labeling.  In  addition  to  the 
previously-demonstrated  labeling  of  apoA-1,  the  major  HDL  apolipoprotein,  T4  was 
shown  to  interact  with  several  additional  apolipoproteins,  including  apoA-II,  apoA-FV, 
apoC-1,  n  and  IE,  and  apoE.  Previous  experiments  showed  that  the  T4  bound  to  LDL  can 
enter  fibroblasts  through  interaction  with  LDL  (apoB-100)  plasma  membrane  receptors. 
The  possibility  that  binding  of  T4  to  the  apolipoproteins  of  HDL  may  affect  the  uptake  or 
release  of  T4  from  fibroblasts  and  hepatocytes  and  the  intracellular  targeting  of  At  hormone 
will  be  explored. 

Mark  Lakshmanaii,  now  at  Cise  Western  Reserve  University,  continued  his  woric 
on  the  effect  of  amino  acids  on  the  receptor-mediated  entiy  of  T4  into  neuroblastoma  cells 
(NB41A3).  It  was  previously  shown  that  phenylalanine  is  a  competitive  inhibitor  of  T4 
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uptake,  and  Lakshmanan  has  now  demonstrated  that  phenylalanine  uptake  by  NB41A3 
cells  is  inhibited  by  T4.  Although  the  high  concentration  of  T4  required  for  this  effect 
indicates  that  this  is  unlikely  to  be  physiologically  important,  it  is  quite  possible  that 
inhibition  of  T4  uptake  by  phenylalanine  may  have  a  role  in  the  pathophysiology  of 
phenylket(X)uria. 

Hans  Cahnmann  has  worked  to  improve  the  synthesis  of  N-brOTaoacetyl-3,  3'^- 
triiodothyronine  and  N-bromoacetyl  thyroxine.  These  compounds  are  widely  used  for 
affinity  labeling  of  thyroid  hormone  binding  proteins,  but  previous  methods  gave  impure 
preparations  of  uncertain  identity.  Methods  have  now  been  perfected  for  the  production  of 
the  pure  reagents,  both  in  macro  and  micro  aooounts,  the  latter  being  required  for  the 
synthesis  of  radioiodine-labeled  compounds  used  in  affinity  labeling.  The  purification 
procedure  utilized  high-speed  countercurrent  chromatography,  in  collaboration  with 
Yochiro  Ito  (NHLBI). 
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In  order  to  dissect  the  biochemical  steps  involved  in  genetic  recombination  we  have  chosen 
to  focus  on  a  key  early  step:  strand  exchange  between  homologous  parental  DNAs.  In  vitro,  the 
product  of  this  strand  exchange  reaction  is  a  joint  molecule  con^sed  a  single-strand  DNA  joined 
to  one  end  of  a  linear  duplex  DNA.  We  have  established  a  new  paradigm  for  this  homologous 
pairing,  in  essence,  that  recombinases  such  as  the  E.  coli  recA  protein  can  hytnidize  a  single  strand 
of  any  sequence  and  an  intact  duplex.  That  is,  the  three  strands  form  a  novel  DNA  triplex  (R-form 
DNA)  in  which  the  third  strand  may  include  both  purines  and  pyrimidines.  Thermal  denaturation 
of  chemically  substituted  DNAs  and  chemical  footprinting  of  R-form  DNA  confirm  that  the  third 
strand  in  R-form  DNA  is  in  the  major  groove  of  Uie  duplex.  We  have  also  been  able  to  isolate 
synaptic  complexes  consisting  of  all  the  three  strands  and  recA.  These  structures  have  been 
studied  in  detail  and  will  continue  to  be  the  basis  of  additional  structural  investigations.  The 
^  kinetics  of  formation  of  these  complexes  are  being  used  as  a  model  for  the  homology  search 
process  in  the  obligatory  recombination  events  during  meiosis.  The  synaptic  complexes  have  also 
1>een  used  to  develop  a  method  for  the  selective  cleavage  of  human  DNA  (RecA-Assisted 
Restriction  Endonuclease  (RARE)  cleavage);  this  method  is  now  being  implied  to  map  and  clone 
large  fragments  of  DNA  close  to  the  Huntington  Disease  and  Multiple  Endocrine  Neoplasia  1 
genes.  In  addition,  we  have  been  successful  in  cloning  the  gene  for  a  thermostable  recA 
homologue.  This  protein  should  be  very  useful  for  mechanistic  studies  and  for  several  important 
applications  in  biotechnology.  Finally,  we  have  cloned  from  yeast  and  higher  eukaryotes  several 
sequence  homologues  to  recA.  We  are  attempting  to  establish  functional  homology  between  the 
proteins  encoded  by  these  genes  and  the  E.  coli  recA  protein. 
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I.  We  previously  demonstrated  that  the  toxins  a-sarcin,  ricin.  Shiga  toxin  and  Shiga-like 
toxin  all  inactivate  protein  synthesis  in  cells  by  attacking  a  highly  caiserved  region  near  the 
3'-end  of  28S  ribosomal  RNA  and  that  microinjection  of  modified  deoxyoligonucleotides, 
ribonucleotides  and  ribozymes  complementary  to  the  same  regicm  of  28S  RNA  also  abolish 
protein  synthesis.  Surprisingly,  a  variety  of  nucleases  are  as  effective  as  these  toxins  at 
abolishing  protein  synthesis.  While  most  nucleases  hydrolyze  all  cellular  RNA,  one  of 
these  nucleases  selectively  hydrolyzes  tRNA,  but  not  ribosomal  or  mRNAs,  when  injected 
into  Xenopus  oocytes. 

n.  During  early  development  Xenopus  replicates  its  DNA  nearly  as  fast  as  E.  coli  in  log 
phase.  We  demonstrated  that  oocytes  oocytes  are  an  excellent  source  of  DNA  repair 
activity.  Pyrimidine  dimer  repair  was  shown  by  microinjecting  UV-irradiated  plasmid 
DNA  into  oocytes  ot  adding  damaged  DNA  to  an  extract  derived  from  oocytes.  We  have 
also  studied  DNA  repair  for  alkylated  and  chemically  modified  DNA  as  well  as  DNA 
replication  with  our  repair  extract 
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I .  The  major  mutation  airxsng  Ashkenazi  Jewish  Tay-Sachs  carriers  and  patients  is  a  4 
base  pair(bp)  insertion  in  exon  1 1  of  the  14  exon  HEXA  gene  resulting  in  a  premature  stop 
codon.  HEXA  alleles  carrying  the  4  bp  insertion  express  mRNA  that  is  rapidly  degraded 
by  an  unexplained  mechanism.  We  have  developed  a  system  to  investigate  the  effect  of  the 
4  bp  on  HEXA  mRNA  expression.  A  8  kb  "mini-HEXA  gene"  was  contructcd  by  fusing 
the  coding  region  specified  by  exons  1  to  7  as  a  single  block  to  a  genomic  segment 
containing  the  remaining  exons  and  introns.  This  construct  and  derivatives  were  expressed 
in  stably  transfected  L-cells  and  the  HEXA  mRNA  levels  were  assessed  by  Northern 
analysis.  We  found  that  cells  transfected  with  the  normal  construct  contained  readily 
detectable  and  properly  spliced  HEXA  mRNA.  Cells  transfected  with  a  mini-gene 
containing  the  4  bp  mutation,  however,  yielded  undetectable  HEXA  mRNA.  The  jiRNA 
level  was  restored  with  a  mini-gene  containing  the  4  bp  mutation  when  1  bp  was  deleted 
upstream  to  correct  the  reading  frame. 

II.  Lysosomal  enzyme  genes  exhibit  an  expression  pattern  in  keeping  with  tiieir  role  as 
house  keeping  enzymes.  However,  in  particular  tissues  and  under  certain  circumstances 
the  expression  of  lysosomal  enzymes  is  enhanced.  In  order  to  gain  insight  into  the 
regulation  of  the  lysosomal  enzyme  genes  we  have  characterized  the  promotor  region  of  the 
HEXB  gene.  We  found  that  both  the  mouse  and  human  HEXB  genes  contain  a 
homologous  50  bp  region  with  functional  promotor  activity  within  40  bp  of  the  respective 
RNA  start  sites.  The  region  contains  several  binding  sites  fca-  transcriptiwi  factors. 
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DNA  branch  migration  is  an  important  step  in  both  homologous  recombination  and 
site-specific  recombination.  Migration  of  the  Holliday  junction  generated  by  homologous 
recombination  can  increase  or  decrease  the  amount  of  genetic  infOTmation  that  is  exchanged 
between  homologues.  Although  there  has  been  recent  progress  in  determining  the 
structure  of  Holliday  junctions,  less  is  known  about  the  dynamics  of  branch  migration 
particularly  as  it  relates  to  the  formation  of  heteioduplex  DNA  during  recombination.  As  a 
first  step  in  studying  this  problem,  we  have  developed  a  model  four-stranded  system  to 
systematically  examine  the  effect  of  mispaired  or  unpaired  bases  on  nonenzymatic  branch 
migration. 

Using  a  series  of  shon  duplexes  40-60  bp  long,  we  observe  that  the  reaction 
consists  of  several  distinct  steps,  annealing  of  the  two  duplexes,  iniuation  of  a  Holliday 
junction  and  branch  migration.  Our  results  demonstrate  that  a  single  mismatched  base  pair 
imp>edes  branch  migration.  Our  results  also  indicate  that  the  block  on  branch  migration 
imposed  by  mismatches  is  more  pronounced  in  the  presence  of  Mg2+.  This  probably 
reflects  the  difficulty  in  accommodating  non-Watson-Crick  base  pairs  in  the  highly 
constrained  conformation  imposed  on  four-way  DNA  junctions  in  the  presence  of  metal 
ions. 

We  are  also  attempting  to  obtain  a  chicken  cDNA  clone  for  a  type  I  DNA  ligase. 
We  wish  to  exploit  the  fact  that  chicken  B  cells  carry  out  homologous  recombination  at 
unusually  high  frequencies  to  create  a  ligase-deficient  chicken  B  cell  line  by  gene  targeting. 
In  this  way,  we  can  assess  the  physiological  function  of  type  I  ligases  in  these  cells. 
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Thyroxine-binding  globulin  (TEG)  and  Cortisol  binding  globulin  (CBG)  are  members  of 
the  serine  protease  family  (serpins)  which  include  the  acute  phase  proteins,  alpha 
1-antitrypsin  and  anti  1-antichymotrypsin.  Synthesis  of  the  latter  two  proteins  in 
hepatocytes  is  increased  by  the  cytokine  IL-6,  but  synthesis  of  TBG  and  CBG  are 
decreased.  The  transcription  rate  of  the  TBG  gene  is  decreased  by  IL-6,  while  that 
of  the  CBG  gene  is  unaltered.  The  decrease  in  CBG  synthesis  in  the  acute  phase 
reaction,  resulting  in  a  local  increase  in  free  Cortisol  levels,  may  play  a  role  in 
combating  inflammation. 

Continuation  of  work  on  thyroxine  binding  to  apolipoproteins  of  HDL  by 
photoaffinity  labeling  has  now  demonstrated  binding  not  only  to  apoA-I  but  also  to 
the  minor  apolipoprotejns,  including  apoA-II,  apoA-IV,  apoC-I,  II  and  III,  and 
apoE.   Thus,  T4  binding  may  be  a  general  property  of  apolipoproteins  and  may  have  a 
role  in  the  intracellular  targeting  of  thyroid  hormone. 

The  affinity  labeling  reagents,  N-bromoacetyl  thyroxine  and  N-bromoacetyl 
triiodothyronine  have  been  synthesized  and  purified  by  new  methods  which  lead  to 
the  preparation  of  more  pure  and  better  characterized  products  than  were  previously 
available.   These  reagents  are  widely  used  for  affinity  labeling  of  thyroid  hormone 
binding  proteins. 
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Work  has  continued  on  the  use  of  low  dose  doxorubicin  as  a  radiation  enhancer  to  improve 
the  effectiveness  of  1-131  in  the  treatment  of  high-risk  thyroid  cancer.  Twenty  patients 
have  entered  the  protocol,  7  of  whom  were  randomized  to  receive  the  combination  therapy. 
A  total  of  19  1-131  treatments  combined  with  adriamycin  have  been  administered  with  no 
apparent  additional  toxicity. 

A  second  group  of  thyroid  cancer  patients  has  taken  part  in  a  study  to  test  the  effectiveness 
of  recombinant  human  TSH  to  stimulate  uptake  in  the  thyroid  remnant  following  initial 
thyroidectomy.  This  Phase  I  and  n  study  to  test  efficacy  and  toxicity  is  part  of  a  multi- 
institutional  effon  in  collaboration  with  Bruce  Weintraub  and  the  Genzyme  Corporation. 
The  initial  results  are  under  evaluation. 

'  A  third  group  of  thyroid  cancer  patients  are  under  study  to  evaluate  the  use  of  the  serum 
thyroglubulin  (TG)  level  as  a  guide  to  1-131  therapy  in  patients  in  whom  a  diagnostic  whole 
body  1-131  scan  is  negative.  Fourteen  patients  have  received  up  to  three  treatments  with 
ISO  to  300  mCi  I- 131  and  the  post  therapy  scan  was  positive  in  13  patients  (in  21  of  28 
treatments).  Serum  TG  decreased  in  82%  of  patients,  and  reverted  to  ^  5  ugAnl  in  29%  of 
patients  after  one  or  two  treatments.  The  post  therapy  whole  body  scan  became  negative  in 
50%  of  patients  after  two  or  three  treatments. 
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1.  In  this  Study  we  characterized  further  the  myelin  basis  protein  thyroid  hormone 
response  element  by  functional  and  binding  analyses.   The  results  revealed  that 
this  element  is  conposed  of  two  regions  each  of  them  containing  CC  or  GG  nucleotide 
pairs  which  are  essential  for  this  response  element  function,  since  mutation  in 
either  of  them  abolished  thyroid  hormone  responsiveness.   Computer  assisted 
comparison  of  several  thyroid  hormone  response  elements  revealed,  that  these  pairs 
are  always  separated  by  eight  nucleotides.   Futhermore,  these  elements  could  be 
arranged  as  direct  repeats  or  inverted  palindromes.   We  are  constructing  mutants  of 
both  elements  to  explore  a  potential  role  of  corresponding  nucleotides  in  these  two 
structurally  different  elements. 

2.  Several  studies  have  indicated  that  thyroid  hormone  receptors  can  form  various 
oligomeric  complexes  with  nuclear  proteins.   Liver  and  brain  nuclear  extracts  from 
embryo,  3  and  20  days  after  birth  and  adult  rats  were  used  in  gel  shift  mobility 
assays  either  alone  or  mixed  with  thyroid  hormone  receptors  prior  to  the  addition 
of  labeled  malic  enzume  and  myelin  basic  protein  thyroid  hormone  response  elements. 
Using  either  element,  three  complexes  were  detected  in  the  presence  of  the  added 
receptor  and  any  liver  extract.  These  conplexes  were  also  detected  by  the  labeled 
hormone.   Only  the  receptor  homodimer  was  seen  with  the  malic  enzyme  element  in  the 
presence  of  any  brain  extract.   However,  a  conplex,  in  addition  to  the  receptor 
homodimer,  was  detected  when  only  brain  nuclear  extract  from  embryo  and  3  days  old 
brain  was  used  in  the  presence  of  myelin  basic  protein  element.   Thus,  the  "so 
called"  thyroid  hormone  non-responsiveness  of  the  adult  brain  might  be  explained  by 
the  absence  of  a  nuclear  protein. 
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SUMMARY  OF  WORK    (Use  sianaara  unreoucea  ryoe  Do  not  exceea  me  space  proviOea.) 


1.  The  thyroid  hormone  receptor  a  gene  is  alternatively  spliced  to  generate  the  a  receptor 
and  a  variant,  which  does  not  bind  thyroid  hormones.  An  additional  a  like  receptor,  Rev- 
erbAo,  is  transcribed  on  the  opposite  strand  overlapping  the  unique  variant  sequences.  The 
overlapping  region  of  these  two  transcripts  can  form  a  sense-antisense  hybrid  and  thus 
modulate  a  level  of  variant  with  concomitant  increase  in  production  of  the  a  receptor.  Our 
results  showed  that  transcription  of  these  two  genes  from  the  erbA  a  genomic  locus  is 
independent  of  each  other,  since  the  level  of  variant  is  very  high  at  any  developmental 
stage,  the  level  of  receptor  is  very  low  with  transient  increase  15  days  after  birth  and  the 
Rev-erbAa  is  high  only  in  the  adult  tissues. 

2.  We  are  interested  in  the  precise  mechanism  by  which  thyroid  hormone  receptor  and 
other  ligand  activated-nuclear  receptors  induce  or  repress  transcription  of  genes  in  response 
to  a  ligand.  We  and  others  have  demonstrated  that  at  least  pan  of  this  mechanism  involved 
the  ability  of  the  thyroid  hormone  receptor  to  hcterodimerize,  with  another  hormone 
receptor.  Several  questions  arise.  What  is  a  role  of  the  ligand,  one  or  both,  in  a 
heterodimer  binding  to  different  response  elements?  To  answer  Siese  questions  and  study 
various  kinetic  parameters  we  have  begun  to  purify  thyroid  hormone  receptor.  We  have 
made  plasmids  expressing  a  fusion  protein,  in  which  the  N-terminus  of  the  receptor  is 
fused  with  polyhisridine.  Baculovirus  and  E.  coli  expression  systems  have  been 
employed.  A  nickle  column  has  been  used  to  purify  overexpressed  protein. 
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The  POU  domain  gene  family  has  been  shown  to  be  impwtant  in  tissue  specific  gene  regulation  during 
development  It  has  been  proposed  that  POU  class  in  transcription  factors  act  in  a  combinatorial 
fashion  to  establish  various  neuronal  phenotypes  in  the  brain.  We  are  investigating  the  role  of  two  of 
these  J*OU  class  III  factors,  XLPOU  1  and  XLPOU  2,  in  early  neural  development  In  situ 
hybridization  analysis  of  Xenopus  embryos  has  demcmstrated  that  in  the  neural  plate,  XLPOU  1  gene 
expressicm  is  restricted  to  two  symmetrical  patches  corresponding  to  the  future  midbrain  and  hindbrain. 
In  tailbud  stage  embiyos,  additional  XLPOU  1  gene  expression  is  observed  in  the  forebrain  and  eyes. 
XLPOU  2  gene  expression  is  observed  in  the  ventral  forebrain,  midbrain,  and  hindbrain.  The  restricted 
pattern  of  gene  expression  observed  with  these  POU  domain  genes  is  unique  because  these  genes  are 
expressed  in  brain  regions  more  anterior  to  most  of  the  various  homeobox  1  and  XLPOU  2  gene 
expression  is  greatly  affected  by  retinoic  acid  (RA)  treatment  of  embryos.  The  anterior  boundary  of 
both  of  these  genes  is  shifted  in  the  brains  of  the  RA-treated  embryos.  Furthermore,  with  nioderate 
drses  of  RA,  XLPOU  1  gene  expression  is  greatly  enhanced  in  the  midlnBin  and  eye.  XLPOU  1  and 
XLPOU  2  should  prove  to  be  usefial  miarkers  in  studying  how  the  anterior  pan  of  the  brain  is 
established. 
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1 .  Regulated  expression  of  thyroid  hormone  recqjtor  genes  provides  an  additional  means  of  controlling 
the  action  of  thyroid  hormone.  We  cloned  and  sequenced  a  5'  flanking  region  of  tfie  rat  thyroid 
hormone  receptor  a  gene,  which  revealed  no  presence  of  TATA  and  CAAT  boxes.  Using  primer 
extension  assays  multiple  extension  products  were  observed  A  minimal  region  necessary  for  promoter 
activity  resides  within  193  nucleotides  upstream  from  the  major  start  of  transcription.  Further  analyses 
showed  that  a  strong  positive  element  is  in  the  splicing  j'lnction  of  the  untranslated  exon/intron.  Only  in 
the  presence  of  the  hormone  and  the  receptor  the  prcMnoter  activity  was  inhibited  by  50  -  80%. 

2.  Identification  of  malic  enzyme  and  myelin  basic  protein  thyroid  hormone  response  elements  in 
different  promoters  allowed  us  to  study  tfiyroid  hormone  dependent  activation  erf"  these  pnxnoters  by  the 
receptor  a  and  p.  We  have  demonstrated  that  die  more  efficient  thyroid  hormone  responsiveness  of  the 
myelin  basic  promoter  elicited  by  the  receptor  p  depends  on  both  the  thyroid  hoimone  response  clement 
of  the  myelin  basic  protein  promoter  and  TATA  box  sequences.  In  the  case  of  the  malic  enzyme 
promoter,  the  more  efficient  thyroid  hormone  dependent  activaticm  by  Ae  a  receptor  requires  the  thyroid 
horaione  respcwise  element  of  the  malic  aizymc  gene  and  an  element  within  122  nucleotides  upstream 
fi'om  the  start  of  transcription  of  this  gene. 
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ANNUAL  REPORT  OF  THE  DIGESTIVE  DISEASES  BRANCH.  NIDDK 

Summary  of  Branch  Activities 

All  four  sections  of  the  Digestive  Diseases  Branch  are  engaged  in  investigations  of  basic  biologic 
processes  leading  to  alteration  in  the  function  of  gastrointestinal  tissues  and  are  attempting  to  apply 
this  information  to  understand  the  pathophysiology  of  various  disorders  involving  the  liver,  pancreas 
and  gastrointestinal  tract.  All  four  sections  are  also  involved  in  attempts  to  improve  therapy  of  clinical 
disorders  such  as  neoplasms  associated  with  overproduction  of  gastrointestinal  hormones,  hepatitis 
and  fulminant  hepatic  failure.  Below  the  important  results  fourxJ  in  the  various  sections  are  briefly 
summarized  with  more  detailed  descriptions  in  the  individual  section  reports. 

I.  Section  on  Gastroenteroloov 

A.  Identification  and  characterization  of  receptors  for  Gl  peptides 

1 .  Identification  of  receptors  for  Gl  peptides.  Recent  studies  by  us  arnJ  others  provided 
evidence  that  the  mammalian  bombesin  (Bn)  related  peptides,  gastrin-releasing  peptide  (GRP)  and 
neuromedin  B  (NMB),  alter  cell  function  by  interacting  with  two  distir^t  subtypes  of  receptors.  We 
have  now  developed  agonists  and  selective  antagonists  that  distinguish  these  2  subtypes.  During  this 
year  in  collaboration  with  T.  Moran  (Johns  Hopkins  University)  and  T.W.  Moody  (George  Washington 
University)  both  NMB  and  GRP  receptors  were  found  in  the  CNS.  Furthermore  the  NMB  receptors 
were  the  predominant  subtype  explaining  why  in  previous  studies  various  selective  GRP  receptor 
antagonists  did  not  alter  Bn  stimulated  functions  in  vivo  in  the  CNS.  The  existence  of  2  distinct  Bn 
receptor  subtypes  was  proven  during  the  year  with  the  cloning  of  the  NMB  receptor  by  Jim  Battey 
(NCI).  In  collaborative  experiments  with  J.  Battey  the  cloned  expressed  receptor  was  shown  to  have 
the  characteristic  pharmacology  of  a  NMB  receptor. 

Recent  studies  suggest  that  Gl  peptides  may  have  important  effects  on  altering  growth  of 
various  neoplasms.  For  example,  recent  studies  report  colon  cancers  possess  gastrin  receptors  and 
that  gastrin  affects  their  growth.  Because  hypergastrinemia  is  common  in  humans  and  some  studies 
show  increased  gastrin  levels  in  patients  with  colonic  adenomas/carcinomas  we  examined  1 0  different 
human  colonic  cell  lines  for  the  occurrence  of  gastrin  receptors  as  well  as  to  11  other  Gl  hormones 
and  neurotransmitters.  Receptors  for  muscarinic  cholinergic  agents  or  VIP  occurred  in  60%,  bombesin 
or  gastrin  in  30%,  ^-adrenergic  agents  and  GRP  in  20%  and  somatostatin,  opiates,  NMB  and 
substance  P  in  10%.  Pharmacological  analysis  demonstrated  the  various  receptors  resembled  those 
on  normal  gastrointestinal  tissues.  Furthermore,  the  presence  or  absence  of  receptors  detected  by 
binding  studies  correlated  closely  with  the  ability  of  selective  receptor  agonists  to  alter  cell  function 
(changes  in  cytosolic  calcium  or  phosphoinositides).  These  studies  are  currently  being  extended  to 
determine  whether  receptor  occupation  by  agonists  affects  tumor  growth. 

A  number  of  different  observations  suggest  that  the  Gl  hormone,  CCK,  can  alter  growth  of 
both  normal  and  neoplastic  pancreatic  tissue  and  that  CCK  can  increase  the  development  of 
experimentally  induced  pancreatic  cancer.  In  a  collaborative  study  with  R.  Bell  (University  of 
Cincinnati;  VA  Medical  Center)  it  was  shown  that  neoplastic  tissues  have  greater  than  a  two-fold 
increase  in  CCK  receptors  and  this  change  is  also  seen  on  pre-neoplastic  adenomatous  nodules.  The 
increase  is  primarily  due  to  an  increase  in  the  number  of  high  affinity  CCK  receptors.  These  studies 
are  currently  being  extended  by  determining  the  receptor  subtype  increased  in  numbers  and  which 
subtypes  are  responsible  for  tumor  growth  promotion. 

2.  Characterization  of  receptors  for  gastrointestinal  hormones  and  their  possible 
phvsioloaical  importance  bv  developing  specific  receptor  antagonists.  In  previous  studies  we  have 
developed  4  different  classes  of  Bn  receptor  antagonists  and  in  recent  studies  demonstrated  some  are 
highly  selective  for  the  GRP  receptor  subtype.  From  these  studies  as  well  as  other  structure  function 
studies  it  was  proposed  that  similar  to  LHRH  and  somatostatin,  the  COOH  terminus  of  Bn  on  GRP  may 
possess  a  ^-turn  between  Var°  and  Leu'*.  Molecular  modeling  studies  support  this  conformation  and 
suggest  that  a  hydrophobic  pocket  projects  above  the  plane  of  the  molecule  and  is  crucial  for 
_'i.?t?''_"i'"'"C  rftrpntor  affinitv.  Structure-func\  348     dies  demonstrated  alterations  in  the  hydrophobic 
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residues  in  this  pocket  had  a  profound  effect  on  receptor  affinity.  Modeling  studies  suggest  because 
of  the  ^-bend  the  NH,  and  COOH  termini  are  in  close  proximity  in  this  proposed  folded  configuration 
and  this  was  further  supported  by  demonstrating  that  cyclization  of  Bn  joined  either  by  a  disulfide 
band  or  a  head-to-tail  peptide  linkage,  functioned  as  Bn  receptor  agonists.  Insertion  of  a  D-Ala^^  into 
the  cyclized  peptide,  a  group  known  to  stabilized-turns,  increased  the  affinity,  further  supporting  this 
proposed  configuration  as  the  active  one. 

In  our  recent  studies  we  demonstrated  that  des  Met^*  Bn  analogues  such  as  [D-Phe"l  Bn(6-1 3) 
methyl  ester  were  extremely  potent  Bn  receptor  antagonists  both  in  vitro  and  In  vivo.  Because  it  is 
important  to  have  a  long-acting  antagonist  for  m^y  in  vivo  studies,  we  altered  a  number  of  residues 
of  this  antagonist  to  attempt  to  Increase  its  potency  in  vivo.  Irisertion  of  a  (D-Ala^M  increased  in  vivo 
duration  by  50%,  whereas  insertion  of  the  liphoiiphic  residue  [D-penta-fluoro-D-Phe")  at  the  NH, 
terminus  increased  in  vivo  duration  of  action  by  15-foid  with  In  vivo  receptor  blockade  lasting  >4.5 
hours.  This  analogue  thus  appears  to  be  a  good  candidate  for  clinical  studies  where  prolonged 
blockade  of  ernJogenous  bombesin-iike  peptide  is  desirable. 

B.  Cellular  basis  of  action  of  gastrointestinal  peptides 

1.  Cellular  basis  of  action  of  bombesin  (Bn)  related  oeotides  at  NMB  rsceotors:  We 
have  recently  discovered  a  specific  receptor  for  the  mammalian  Bn-related  peptide,  NMB  in  rat 
esophageal  muscularis  mucosa  which  has  been  recently  cloned  from  this  tissue  by  J.  Battey  (NCI, 
NIH).  Northern  analysis  suggested  this  receptor  also  existed  in  the  rat  glioblastoma  tumor  cell  line, 
C-6.  In  this  study  we  demonstrated  that  the  NMB  receptor  in  C-6  cells  was  pharmacologically 
indistinguishable  from  that  on  the  rat  esophageal  muscularis  mucosa  or  the  NMB  receptor  from  rat 
esophageal  muscularis  mucosa  transfected  into  Balb  3T3  cells.  Previous  studies  showed  that  agonist 
occupation  of  the  receptor  for  the  Bn  related  peptide  GRP  caused  both  phospholipase  C  activation  and 
increases  in  cAMP.  In  C-6  cells,  NMB  activated  phospholipase  C  increasing  cytosolic  calcium  and 
various  phosphoinositides  including  IP,,  IP,  and  IP3.  Stoichiometric  studies  demonstrated  that  these 
were  spare  receptors  on  these  cells  in  that  submaximal  receptor  occupation  caused  maximal  changes 
in  [Ca^^],  or  IP3.  In  contrast  to  GRP  receptors,  NMB  caused  no  alteration  in  cAMP  at  NMB  receptors. 

Bn-related  peptides  are  known  to  have  potent  growth  effects  and  to  function  as  an  autocrine 
growth  factors  in  a  number  of  tumors  including  human  small  cell  lung  cancer  cells  (SCLC  cells).  This 
has  been  thought  to  be  mediated  by  GRP  receptors.  In  collaboration  with  T.W.  Moody  (Biochemistry 
Dept.,  George  Washington  University),  it  was  demonstrated  some  SCLC  lines  also  possess  NMB 
receptors  and  that  occupation  of  these  receptors  by  NMB  activates  phospholipase  C,  increases 
cytosolic  calcium  and  also  results  in  growth. 

2.  Cellular  basis  of  action  of  gastrin  and  cholecvstokinin  (CCK)  to  stimulate  pepsinoaen 
release  from  chief  cells.  Our  previous  studies  have  demonstrated  the  structurally  related  peptides  CCK 
and  gastrin  can  stimulate  pepsinogen  release  from  dispersed  chief  cells,  however  it  is  urKlear  whether 
1  or  2  receptors  mediate  these  changes  or  what  the  intracellular  mediators  are.  In  this  study  both 
CCK  and  gastrin  were  found  to  increase  pepsinogen  release,  phosphoinositides  and  alter  cytosolic 
calcium  ([Ca'"^],).  However,  they  differed  In  efficacy,  potency  and  the  configuration  of  their  dose- 
response  for  altering  these  cellular  processes.  Using  the  highly  selective  CCK^  agonist,  A-71 378  and 
the  antagonist  L-364,718  it  was  found  that  gastrin  and  CCK  were  altering  cellular  function  by 
interacting  with  two  distinct  receptors,  a  CCK^  and  a  CCK«/gastrin  receptor.  Both  receptors  were 
coupled  to  phospholipase  C  and  caused  changes  in  inositol  phosphates,  cytosolic  calcium  and 
pepsinogen  release,  however  the  intracellular  amplification  differed  between  the  two  receptor 
subtypes.  Activation  by  CCK-related  peptides  at  the  CCK^  receptor  subtype  accounted  for  85  •  90% 
of  the  maximal  changes  in  cellular  function  and  activation  of  the  CCKg/gastrin  receptor  accounted  for 
10  •  20%  of  maximal  changes. 

3.  Role  of  calcium  in  secretaqogue-induced  secretion  from  oancreatig  acinar  cells. 
Controversy  exists  about  the  role  of  extracellular  and  intracellular  calcium  in  enzyme  secretion  in 
pancreatic  acini.    In  this  study,  thapsigargin  (TGt.  which  inhibits  microsomal  calcium  ATPase  thus 
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blocking  calcium  uptake  into  microsomal  stores,  was  used.  In  collaboration  with  R.J.  Turr>er  (NIH, 
NIDR),  using  single  cell  microspectrofluorimetry  of  fura-2  loaded  cells,  TG  alone  caused  a  dose-related 
increase  in  [Ca^^],  by  increasing  Ca  influx  and  mobilization  from  an  IP,(1,4,5)  sensitive  pool.  TG 
caused  an  increase  in  basal  amylase  release,  inhibited  release  by  Ca  mobilizing  secretagogues  and 
potentiated  release  by  agents  that  increase  cAMP  or  by  TPA.  These  results  demonstrated  that 
amylase  secretion  by  secretagogues  that  increase  IP,  (1,4,5)  does  not  depend  on  increased  free 
cytoplasm  calcium  oer  se.  In  contrast,  TG-induced  potentiation  of  stimulation  by  secretagogues  that 
increase  cellular  cAMP  appears  to  result  from  irKreased  free  cytoplasmic  calcium  per  se. 

4.  Action  of  VIP-secretin-PACAP  related  peptides  on  peDSinooen  release  from  chief 
cells.  In  previous  studies  we  have  demonstrated  VIP  and  secretin,  which  are  structurally  related,  can 
stimulated  pepsinogen  release  from  chief  cells.  PACAP  (pituitary  adenylate  cyclase  activating  peptide) 
is  a  38  amino  acid  with  structural  similarity  to  these  peptides  arnj  in  other  tissues,  specific  high 
affinity  receptors  are  present  for  this  peptide  which  also  interacts  with  VIP  and  secretin.  PACAP38, 
PACAP27,  VIP  and  secretin  all  stimulated  pepsinogen  release,  however,  they  differed  in  potency  and 
in  the  configuration  of  their  dose-response  curves.  With  PACAP  38,  PACAP27  and  VIP  but  not 
secretin  the  dose-inhibition  curves  were  bi(>hasic.  Each  peptide  inhibited  ^"l-PACAP27,  ^"l-VIP  and 
^^l-secretin  binding  and  each  stimulated  cyclic  AMP  generation.  Comparison  of  birujing  curves,  ability 
to  increase  cAMP  and  pepsinogen  release  demonstrated  that  these  cells  possess  2  classes  cf 
receptors  mediating  the  action  of  these  peptides.  PACAP  and  VIP  interact  with  high  affinity  with  a 
common  receptor  to  stimulate  pepsinogen  release  and  at  low  affinity  with  a  secretin  receptor  to 
stimulate  pepsinogen  release.  With  PACAP  occupation  of  PACAP-VIP  receptors  causes  40%  of 
maximal  release  and  at  higher  concentrations  occupation  of  secretin  receptors  causes  the  remaining 
60%  of  maximal  secretion. 

C.  Receptors  on  gastric  smooth  muscle  cells 

1 .  Role  of  cAMP  in  mediating  gastrointestinal  smooth  muscle  relaxation  bv  5-adrenergic 
agents  or  neuropeptides.  Numerous  studies  suggest  that  gastrointestinal  smooth  muscle  relaxation 
caused  by  ^-adrenergic  agents  or  neuropeptides  occurs  as  a  result  of  increases  in  cAMP.  However, 
the  evidence  is  in  direct  and  does  not  demonstrate  that  the  increase  in  cAMP  is  essential  for  mediating 
relaxation.  To  more  clearly  define  the  role  of  cAMP  in  receptor  mediated  Gl  smooth  muscle  relaxation 
we  used  the  protein  kinase  A  competitive  antagonist  ((R)3',5',  cyclic  phosphothioate]  (Rp-cAPMS) 
and  its  isomer  Sp-cAMPS  which  functions  as  an  agonist.  RpcAMPS  inhibited  by  80%  the  ability  of 
SpcAMPS,  VIP,  isoproterenol,  CGRP  and  glucagon  to  stimulate  relaxation,  demonstrating  each  of 
these  agents  is  causing  relaxation  primarily  through  activation  of  PKA.  In  contrast,  relaxation  by  ATP 
or  sodium  nitroprusside  was  not  effected.  These  data  demonstrate  that  activation  of  PKA  is  essential 
for  mediating  at  least  80%  of  the  gastric  smooth  muscle  relaxation  produced  by  ^-adrenergic  agents 
or  neuropeptides. 

2.  Cellular  basis  of  action  of  somatostatin  on  gastric  smooth  muscle.  Somatostatin  is 
known  to  alter  gastric  emptying  and  (31  motility.  To  investigate  its  cellular  basis  of  action  we 
investigated  the  ability  of  the  natural  occurring  somatostatins,  somatostatin- 1 4  (SS- 1 4),  somatostatin- 
28  (SS-28)  and  a  synthetic  analogue,  D-Phe,Cys,Tyr-D-Trp-Lys-Thr-Cys-Nal-NH2  (Cycio  SS-8)  to  alter 
activity  of  dispersed  gastric  smooth  muscle  cells.  The  somatostatins  did  not  cause  contraction  or 
relaxation  when  presenat  alone,  but  inhibited  the  relaxant  effects  of  VIP.  SS-28  and  cycIo  SS-8 
caused  half-maximal  effects  at  1  nM,  whereas  SS-14  had  no  effect  at  concentrations  up  to  1  uM. 
Addition  of  the  protease  inhibitors  phophoramidon  and  amastatin  increased  the  potency  of  SS-14 
>  1,000  fold.  HPLC  analysis  demonstrated  SS-14  was  being  rapidly  degraded  and  the  protease 
inhibitors  blocked  this  degradation.  CycIo  SS-8  inhibited  the  relaxant  effects  of  VIP,  isoproterenol, 
glucagon  and  dibutyryl  cAMP  and  its  inhibitory  action  was  partially  blocked  by  pertussis  toxin.  CycIo 
SS-8  significantly  inhibited  VIP  stimulated  generation  of  cAMP.  These  results  indicate  that  gastric 
smooth  muscle  rapidly  degrade  SS-14  and  suggest  that  smooth  muscle  proteases  could  have  a  major 
effect  on  determining  the  duration  of  action  of  SS-14.  Furthermore,  gastric  muscle  cells  possess 
somatostatin  receptors,  occupation  of  which  inhibits  relaxation.   This  inhibitory  effect  is  mediated 
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both  through  a  guanine  nucleotide  regulatory  protein  G'  to  inhibit  adenylate  cyclase  and  at  sites  distal 
'^  to  the  generation  of  cAMP. 

3.  Characterization  of  opoiod  receptors  on  oastric  smooth  muscle  cells.  A  number  of 
studies  have  suggested  gastrointestinal  smooth  muscle  cells  as  well  as  gastrointestinal  neural 
elements  have  specific  opoiod  receptors.  To  investigate  the  opoiod  receptors  present  on  Gl  muscle 
and  their  abilities  to  interact  with  opoiod  peptides  directly,  we  examined  the  ability  of  various  selective 
opoiod  ligands  and  selective  agonists  arvj  antagonists  to  Interact  with  dispersed  gastric  muscle  cells. 
The  kappa  selective  agonist  U-50488H,  the//  agonist  DAGO,  and  the  delta  agonist  DPDPE  all  caused 
muscle  contraction.  Experiments  with  selective  antagonists  demonstrated  that  k  arxJ;/  receptors  were 
present  but  that  stimulation  by  the  delta  agonist  DPDPE  was  due  to  k  and  //  receptor  activation. 
Binding  studies  with  //  and  k  ligands  confirmed  the  preserve  of  these  receptors  and  no  blr>ding  was 
seen  with  a  6  llgand.  These  data  demonstrated  that  gastric  smooth  muscle  cells  possess  k  and  // 
receptors,  occupation  of  which  causes  muscle  contraction  ,  but  no  6  receptors  were  detected. 

II.   Section  on  cell  biology 

Molecular  characterization  of  receptors  for  Gl  peptides 

A.  Cloning  of  the  cholecvstokinin  (CCK)  tvoe  A  receptor  (CCK^  receptor).  At  least  2  classes 
of  receptors  mediate  the  effects  of  CCK  and  gastrin  which  structurally  resembles  CCK.  The  CCK^ 
receptor  is  thought  to  have  numerous  functions  both  In  the  CNS  and  peripheral  tissues  including 
effects  on  satiety,  pancreatic  secretion,  gallbladder  contraction  and  potentiation  of  Insulin  release. 
A  number  of  groups  have  attempted  either  structural  determination  of  receptor  sequence  from  isolated 
receptors  or  molecular  biology  studies  but  because  of  the  small  receptor  number  they  had  been 
unsuccessful. 

In  this  study  we  developed  a  method  to  purify  the  CCK^  receptor  protein  to  homogeneity 
(1 4,600-fold  purification)  from  rat  pancreas  using  cationic  exchange  resin,  wheat  germ  agglutinin  and 
blue  Sepharose  chromatography  after  solubilization  with  1  %  digitoxin.  The  receptor  was  blocked  at 
the  NH2  terminus  to  Edman  degradation,  however  cyanogen  bromide  cleavage  or  Lys  C  digestion  with 
o-phthalaldehyde  blocking  allowed  sequencing  of  5  peptides.  Degenerate  oligonucleotide  primers  were 
synthesized  and  using  PCR  with  single  stranded  cDNA  reverse  transcribed  from  rat  pancreatic  mRNA 
a  partial  sequence  (527  BP)  was  obtained.  This  sequence  was  used  to  screen  an  oligo-(dT)-primed 
cDNA  library  from  rat  pancreas  and  6  clones  were  identified,  however  all  lacked  the  3'  end  of  the 
coding  sequence.  The  remaining  sequence  was  obtained  using  various  PCR  methods  Inducing  a  RACE 
protocol  and  anchored  PCR.  A  1 506  BP  sequence  was  Identified  which  encoded  a  444  amino  acid 
peptide  which  contained  the  5  peptide  sequences  Identified  from  CNBr  and  Lys  C-dlgestion  of  the 
purified  receptor.  A  hydropathy  plot  demonstrated  7  putative  transmembrane  domains  characteristic 
of  G-protein  coupled  receptors.  The  protein  was  novel  having  only  30%  amino  acid  homology  with 
the  closest  similar  receptors  (neuromedin  K,  substarwe  P,  GRP).  High-stringency  Northern  blot 
analysis  demonstrated  a  2.7  Kb  transcript  In  rat  pancreas  and  AR42J  cells  with  no  hybrization  in 
tissues  thought  not  to  possess  CCK^  receptors.  In  vitro  transcripts  of  the  cDNA  functionally 
expressed  In  Xenopus  oocytes  demonstrated  a  response  to  CCK  (and  not  to  GRP  or  acetylcholine) 
which  was  blocked  by  the  CCKa  specific  antagonist  L-374,718.  Transient  expression  In  COS-7  cells 
transf acted  with  the  CCK^  receptor  cDNA  demonstrated  the  expected  binding  affinities  of  high  affinity 
for  CCK-8  or  the  CCK^  antagonist  L-364,718  and  low  affiruty  for  gastrin  and  the  CCK^  antagonist, 
L-365,260. 

B.  Cloning  of  the  CCKy/oastrin  receptor.  The  CCKg/gastrln  receptor  Is  the  predominant  CCK 
receptor  in  the  CNS  modulating  anxiety,  neuroleptic  activity,  opiate  Induced  analgesia  and  arousal; 
whereas  in  peripheral  tissues  CCK^  receptors  modulate  growth  effects  of  CCK/gastrin  on  pancreas, 
stomach  and  various  tumor  cell  lines;  motility  arnj  effects  on  the  Immune  system. 

In  this  study  we  used  a  random  primed  probe  corresponding  to  the  coding  sequence  of  the 
CCKa  receptor  under  conditions  of  low  stringenrw  to  screen  a  cDNA  library  from  AR42J  cells,  a 
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pancreatic  tumor  cell  line  known  to  have  high  corKentrations  of  CCK«/OBStrin  receptors.  A  novel 
2,243  bp  clone  was  isolated  which  encoded  a  452-amino  acid  protein  that  had  48%  identity  to  the 
CCKa  receptor.  Screening  of  a  rat  brain  cDNA  library  demonstrated  clortes  identical  to  the  clones  from 
AR42J  cells.  The  CCK«/gastrin  receptor  had  4  potential  N-linked  glycosation  sites,  one  potential  site 
for  PKC  phosphorylation  in  the  1st  intracellular  loop  and  2  potential  sites  for  PKA  phosphorylation, 
one  in  the  2nd  intracellular  loop  ar>d  the  other  in  the  cytoplasmic  tail.  Hydropathy  plot  suggested  7 
transmembrane  domains  characteristic  of  G-protein  coupled  receptors.  Northern  blot  analysis  revealed 
2.7  Kb  band  in  rat  brain  and  AR425  cells  with  r>o  hybridization  in  tissues  r>ot  known  to  contain 
CCKe/gastrin  receptors.  Transient  transfection  in  COS-7  cells  demortstrated  the  expected 
pharmacology  with  approximately  equal  high  affinity  for  the  agonist  gastrin  and  CCK-8  and  a  30  fold 
higher  affinity  for  the  CCIVgastrin  receptor  antagonist  L-365,260  than  the  CCK^  antagonist  L- 
364.718. 

III.   Section  of  clinical  investiQation 

Management  of  islet  cell  tumors 

The  clinical  investigation  section  of  the  Digestive  Diseases  Branch  is  now  following  200 
patients  with  Zollinger-Ellison  syndrome  (ZES)  caused  by  a  neuroendocrine  tumor  of  the  pancreas  or 
duodenum  which  autonomously  releases  gastrin  which  causes  gastric  acid  hypersecretion.  A  smaller 
numbers  of  patients  with  other  islet  cell  tumors  are  also  being  followed.  All  patients  with  ZES  have 
two  problems:  gastric  acid  hypersecretion;  and  the  malignant  nature  of  the  tumor  itself.  This  section 
is  involved  in  studies  dealing  with  both  areas. 

Although  increasingly  effective  gastric  acid  antisecretory  agents  such  as  the  H*-K*  ATPase 
inhibitor  omeprazole  have  been  developed  and  shown  to  be  extremely  effective  in  patients  with  ZES 
a  number  of  problems  remain  unresolved.  These  include  high  dose  requirements  which  in  some 
patients  are  prohibitively  expensive  (>  $20/day  in  some  patients);  therefore  more  potent  agents  are 
needed.  We  demonstrated  that  the  new  H^-K"^  ATPase  antagonist,  lansoprazole,  has  a  long  duration 
of  action  (>  36  hours)  and  is  effective  and  safe  in  20  patients  with  ZES.  Long-term  comparative 
studies  with  omeprazole  need  to  be  done  to  establish  whether  there  are  important  clinical  differences 
between  these  two  agents. 

The  FDA  recommended  daily  dose  of  omeprazole  based  on  our  studies  and  studies  by  others 
is  60  mg/day.  A  large  percentage  of  ZES  patients  require  >  1 20  mg/day,  a  dosage  determined  by 
acute  acid  titration  studies.  Because  the  efficacy  of  this  drug  increases  in  the  first  week  of  treatment, 
we  prospectively  assessed  the  possibility  that  these  maintenance  doses  were  too  high  in  37  patients 
with  ZES.  Our  results  showed  that  68%  of  patients  could  be  successfully  reduced  to  a  dose  of  20 
mg  QD  or  20  mg  BID  of  omeprazole.  Furthermore  in  patients  with  uncomplicated  disease  (no  MEN-I, 
severe  esophageal  reflux  or  previous  gastric  surgery)  the  dose  could  be  reduced  in  95%  of  patients. 
These  studies  show  that  the  currently  recommeruled  omeprazole  maintenance  dose  in  patients  with 
ZES  is  too  high.  This  is  an  important  conclusion  because  most  patients  (~70%)  with  ZES  are 
cufrently  not  cured  and  thus  need  to  take  lifelong  omeprazole.  By  following  the  protocols  outlined 
in  this  study,  it  will  be  possible  to  reduce  the  expense  of  omeprazole  in  many  (Mtients  with  ZES  taking 
omeprazole  once  daily  by  $3,600  and  in  those  taking  it  twice  per  day  by  $6,000.  This  should  also 
result  in  increased  compliance  because  many  of  the  patients  cannot  afford  the  high  cost  of  these 
agents  at  existing  doses. 

ZES  is  the  most  common  malignant  islet  cell  tumor  and  increasingly  with  the  ability  to 
medically  control  gastric  acid  hypersecretion  the  malignant  nature  of  the  gastrinoma  is  becoming  the 
primary  determined  of  long-term  cure.  Because  <30%  of  patients  are  reported  cured,  we  have 
attempted  to  identify  better  methods  to  localize  the  tumor  as  well  as  remove  it  at  surgery.  In 
collaboration  with  the  Clinical  Center  Radiology  Department  (Principal  Collaborator,  J.D.  Doppman), 
functional  localization  using  portal  venous  sampling  for  gastrin  has  been  extensively  studied.  Our 
results  show  localization  in  70%  of  patients,  however  significant  morbidity  (pain  at  sampling  site) 
occurs  in  20-30%.  By  using  secretin  provocation  Hi '"ng  the  angiogram  with  hepatic  venous  sampling 
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for  gastrin  concentrations,  we  have  been  able  to  localize  gastrincnrtas  in  90%  of  patients  and  this 
^  method  is  more  sensitive  for  localizing  duodenal  tumors.  Because  of  its  increased  sensitivity  as  well 
as  greater  simplicity  and  less  morbidity,  our  studies  show  this  test  should  replace  the  portal  venous 
sampling.  Furthermore,  recent  alterations  of  this  technique  using  small  bolus  injections  of  calcium  has 
proved  useful  for  Identifying  insulinomas. 

In  a  collaborative  study  with  the  Radiology  Department  (Clinical  Center,  PI  •  J.D.  Doppman) 
we  have  prospective  studied  the  ability  of  magr>etic  resoruince  imaging  (MRI)  to  localize  primary  and 
metastatic  gastrinomas.  Older  studies  by  us  and  others  showed  MRI  was  not  sufficiently  sensitive 
to  be  generally  useful,  however  recent  advarKes  in  MRI  scanning  have  greatly  improved  sensitivity. 
Our  study  showed  for  metastatic  tumors  in  the  liver  the  sensitivity  of  MRI  was  83%,  ultrasound  50%, 
CT  scanning  50%  and  angiography  61%.  The  specificity  for  MRI  was  90%  ar>d  there  this  study 
shows  MRI  is  now  the  irjaging  study  of  choice  for  assessory  metastatic  gastrinoma,  "^or  localizing 
and  assessing  primary  tumors  selective  angiography  remains  the  procedure  of  choice. 

In  collaborative  studies  with  JA  Norton  (NCI,  Surgery  Branch)  durir^g  this  last  year  we  analyzed 
our  10  year  prospective  study  in  patients  with  ZES  of  the  ability  to  surgical  localize  and  resect 
gastrinomas  and  cure  patients  long-term.  Our  results  show  that  from  1981  -  1985  we  were  able  to 
localize  gastrinomas  in  70%  of  patients  and  from  1986  -  present  in  92%.  The  increased  localization 
was  due  to  a  combination  of  using  intraoperative  ultrasound,  transillumination  of  the  duodenum  at 
surgery  and  duodenotomy.  Immediately  postoperatively  60%  of  patients  have  normal  gastrins  and 
at  5  years  30%  had  normal  gastrins  and  negative  provocative  tests  which  is  a  marked  increase  in 
long-term  cure  rate  compared  to  those  reported  previously.  These  results  suggest  that  by  the 
increased  use  of  functional  localization  studies,  imaging  studies  and  operative  localization  techniques, 
the  possibility  of  long-term  cure  in  these  patients  can  be  markedly  improved. 
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SUMMARY 

Liver  Diseases  Section 

The  Liver  Diseases  Section  is  cuirently  responsible  for  four  principal  projects. 

I.  Studies  Relating  to  the  Pathogenesis  of  Hepatic  Encephalopathy  and  Fulminant  Hepanc  Failure 

Ameliorations  of  hepatic  encephalc^athy  (HE)  (bod)  clinical  and  electrophysiologic)  have 
been  induced  in  animals  with  fulminant  hepatic  failure  (FHF)  by  benzodiazepine  (BZ)  receptor 
antagonists.  Furthermore,  Purkinje  neurons  fix)m  rabbits  in  HE  due  to  FHF  exhibited  increased 
sensitivity  to  depression  by  agonists  of  the  GAB  A/BZ  receptor  complex,  including  a  BZ,  and,  in 
contrast  to  ccmtrol  neurons,  exhibited  excitation  when  expensed  to  BZ  receptor  antagonists.  These 
findings  suggest  that  in  HE  due  to  FHF:  (i)  There  is  increased  GABAergic  tone;  (ii)  Blokading  of 
BZ  receptors  can  ameliorate  HE;  (iii)  BZ  receptor  antag(Miists  may  be  of  value  in  the  management 
of  HE;  and  (iv)  An  endogenous  BZ  receptor  agonist  may  contribute  to  HE.  Increased  levels  of  1 ,4- 
BZs  have  been  demonstrated  in  the  brain  of  models  of  HE  and  humans  with  FHF.  The  efficacy  of 
BZ  receptor  ligands  in  ameliorating  HE  in  animal  models  does  not  appear  to  be  dependent  on  their 
intrinsic  activity  but  may  be  related  to  their  affinity  for  BZ  receptor  subtypes  in  addition  to  the 
diazepam  sensitive  receptor.  In  vivo  and  in  vitro  studies  indicate  that  the  hepatocellular 
cytoprotective  effects  of  the  prostaglandin  PGE2  are  mediated  via  activation  of  cAMP.  (E.A. 
Jones,  J.  Vergalla,  C.  Yurdaydin,  M.G.  Swain,  N.V.  Bergasa,  A.S.  Basile,  P.  Skolnick,  S.M. 
Paul,  non  NIH:  R.B.  Rothman). 


n.  Trials  of  Therapies  for  Primary  Biliary  Ciirhosis 


V. 


F*rimary  biliary  cirrhosis  (PBC)  is  a  disease  of  unknown  etiology  characterized  by  slowly 
progressive  intrahepatic  cholestasis  due  to  nonsuppurative,  presumably  autoimmune,  destruction 
of  small  bile  ducts.  As  some  other  autoimmune  diseases  appear  to  respond  favorably  to  certain 
immunosuppressive  agents,  trials  of  selected  immunosuppressive  drugs  are  being  undertaken  in 
patients  with  PBC.  Ten  patients  with  symptomatic  PBC  arc  being  treated  in  an  open  trial  of  low- 
dose  (1 5  mg  once  weekly)  oral  methotrexate.  Six  patients  have  been  followed  for  over  2  years. 
Elevated  serum  IgM  and  alkaline  phosphatase  levels  decreased  significantly  and  symptom  scores 
fr>r  fatigue  and  pruritus  fell  by  over  50%.  Serum  ALT  levels  initially  increased  but  subsequentiy 
feU  below  baseline.  Methotrexate  therapy  was  also  associated  with  a  substantial  decrease  in  hepatic 
inflammation  but  no  obvious  change  in  hepatic  fibrosis.  Twenty-five  patients  have  been  entered 
into  a  randomized  trial  of  two  doses  of  methotrexate  (7.5  and  15  mg/week)  for  asyn^tomatic  as 
well  as  symptomatic  patients  with  PBC  (E.A.  Jones,  J.H.  Hoofnagle,  N.V.  Bergasa,  M.G. 
Swain,  C.  Yurdaydin,  R.  Sallie,  S.C.  Chia). 

III.  Studies  of  Cellular  Immune  Function  in  Primary  Biliary  Ciirhosis 

The  role  of  abnormal  immune  mechanisms  in  the  mediation  of  the  hepatobiliary  lesion  of 
primary  biliary  cirrhosis  (PBC)  is  being  studied  CD4-f,  Leu-8+  T  cells  ftom  patients  with  PBC, 
but  not  from  patients  with  other  liver  diseases,  have  been  shown  to  exhibit  a  defea  in  their  ability 
to  suppress  immunoglobulin  synthesis  by  B  cells  in  vitro.  Furthermore  the  proliferative  responses 
of  these  cells  from  patients  witfi  PBC  to  mitogenic  stimulation  was  found  to  be  impaired- 
Exposure  of  this  subpopulation  of  T  cells  from  patients  with  PBC  to  phorbol  ester,  which  activates 
the  protein  kinase  C  pathway,  corrects  their  abnormal  function.  Thus  a  defect  in  the  biochemical 
pathway  involving  protein  kinase  C  may  contribute  to  the  immunological  abnormalities  exhibited 
by  patients  with  PBC.  In  contrast  to  control  patients  with  non-PBC  chronic  inflammatory  liver 


■^';/.. 


diseases,  mRNA  for  DL-l,  2, 4,  5  and  6,  and  TNF-a  were  not  detected  in  liver  biopsies  from 
patients  with  PBC.  These  findings  suggest  that  inomunologic  injury  that  is  not  mediated  by 
cytokines  plays  a  major  role  in  <£sease  progression  in  PBC.  (EA.  Jones,  M.  Shindo,  N.V. 
Bergasa,  J.  Vergalla,  R.  Sallie,  non-NIH:  S.P.  James. 

rv.  Studies  of  the  Opiate  System  in  Cholestatic  Liver  Disease 

Pruritus  is  a  common  distressing  complication  of  cholestatic  liver  diseases.  The  hypothesis 
that  endogenous  opioid  agonist  ligands  may  contribute  to  this  symptom  is  suggested  by  the 
precipitation  of  an  c^iate  withdrawal-like  syndroroe  by  an  opiate  antagonist  in  patients  with  chronic 
cholestatic  liver  disease  ">  and  the  recognized  ability  of  exogenously  administered  opiates  to  induce 
pruritus.  To  test  this  hypothesis  the  effects  of  infusing  naloxone  in  pruritic  patients  with  primary 
biliary  cirrhosis  has  been  assessed  using  a  newly  designed  device  which  enables  scratching  activity 
to  be  continuously  recorded  independent  of  coarse  body  movements.  In  both  a  single  blinded 
controlled  trial  and  a  double-blind  placebo-controlled  trial  naloxone  has  been  shown  to  reduce 
scratching  activity  substantial!  v  in  such  patients.  Further  studies  of  the  opiate  system  m  cholestasis 
in  thf  rat  revealed  that  bile  duct  resection  induces  a  state  of  antinociception  which  can  be 
stereoselectively  reversed  by  naloxone,  down-regulation  of  mu-opioid  receptors  in  the  brain  and 
expression  of  preproenkephalin  in  the  liver.  These  findings  suggest  that  in  cholestasis  there  is 
increased  opiatergic  tone  which  could  contribute  to  the  pruritus  that  complicates  this  syndrome. 
Long  term  amelioration  of  this  form  of  pruritus  may  be  possible  by  administering  an  opiate 
antagonist  that  is  effective  when  given  orally  such  as  nalmefene.  Preliminary  experience  with  the 
oral  administration  of  nalmefene  for  the  pruritus  of  chronic  cholestasis  in  an  open  label  trial  has 
been  encouraging  and  a  double-blind  placebo-controlled  nalmefene  trial  has  been  initiated.  (E.A. 
Jones,  N.V.  Bergasa,  J.  Vergalla,  C.  Yurdaydin,  R.  Sallie,  M.G.  Swain,  S.  Sabol,  non  NIH: 
R.B.  Rothman). 
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SUMMARY  OF  WORK  lUm  tfndrd  uniwducad  ryp*   Do  not  axomd  tht  tpmea  pmvadWJ 

A.  Identification  of  receptors  for  GI  peptides.   We  have  recently  discovered  a 
specific  high  affinity  receptor  for  the  bombesin  (Bn)  related  peptide  neuromedin  B 
(NMB)  and  developed  specific  ligands  for  it.   In  collaboration  with  T.W.  Moody  and 
T.H.  Moran,  these  receptors  have  been  identified  to  be  widely  distributed  in  the 
central  nervous  system.   This  receptor  was  cloned  by  J.  Battey  this  year  and  from 
collaborative  experiments  pharmacologically  characterized  as  distinct  from  the 
receptor  for  the  mammalian  bombes in-related  peptide  gastrin-releasing  peptide 
(GRP).   Because  of  the  recent  evidence  that  GI  peptides  may  act  as  tumor  growth 
factors  we  have  investigated  the  occurrence  of  receptors  for  these  on  10  human 
colon  cell  lines.   We  have  demonstrated  that  of  12  different  hormone  and  neuro- 
transmitters examined,  each  human  colon  cancer  cell  line  possesses  receptors  for  at 
least  one  of  these  agents.   The  receptors  %«ere  pharmacologically  characterized  and 
occupation  by  agents  was  shown  to  alter  intracellular  nediators.   These  studies  are 
now  being  extended  to  determine  whether  occupation  of  these  receptors  affects  tumor 
growth.   In  collaboration  with  R.H.  Bell  azaserine-induced  neoplasms  tMre  shown  to 
overexpress  receptors  for  cholecystokinin  (CCK) .   This  finding  may  be  important  in 
the  pathogenesis  of  these  tumors  because  CCK-related  peptides  increase  the  rate  of 
their  development  through  an  unknown  process. 

B.  Characterization  of  receptors  for  gastrointestinal  hormones  bv  the  development 
of  specific  antagonists.   In  collaborative  studies  with  D.H.  Coy  *#e  have  extended 


our  previous  studies  attempting  to  understand  the  active  configuration  of  Bn 
related  peptides  to  alter  cellular  function  and  to  develop  nore  potent  antagonists. 
Our  previous  studies  led  us  to  propose  that  the  COOH  terminus  of  bombesin  might 
adopt  a  P   turn  similar  to  proposed  for  LHRH  and  somatostatin.   This  conclusion  has 
been  supported  during  the  year  by  molecular  modeling  studies  done  in  collaboration 
by  D.H.  Coy  as  well  as  the  synthesis  of  cyclic  Bn  analogues  that  are 
conformationally  restricted  and  yet  function  as  agonists  and  others  as  antagonists. 
Our  previous  showed  that  various  des  Met"  analogue  of  bombesin  were  extremely 
potent  antagonists  in  vitro  and  in  vivo.   To  improvement  potentcy  [D-Ala"]  Bn 
analogues  were  synthesized  to  decrease  degradation  and  a  pentafluoro  phenylalanine 
group  added  to  increase  lipophilicity  and  the  analogue  [2,3,4,5,6  pentafluoro  Phe* 
D-Ala"]  Bn  (6-13)  methyl  ester  was  found  to  have  a  duration  of  action  in  vivo  of 
>10  fold  that  seen  with  other  Bn  receptor  antagonists. 


PHS  6040  (R>v    5/821 


OVAKTllSn'  OF  »CA1.TH  AW)  HUMAN  IBtVICa  -  MKX  tCALTH  IStVKX 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PnOJCCT  NUkCER 


ZOl   DK  53101-04  DDB 


KROO  COVERED 

October  1,  1991,  to  Septembar  30,  1992 


TTTlf  OF  PROJECT  mO  crt«iiu«>»  or  tm*.    Tktt  nm  fk  an  aim  ln»  tantrnm  Ota  taMhra.; 

Cellular  basis  of  action  of  gastroinf  tinal  peptides 


PHNOPAL  MVESTKkATOR  lUm  oUmr  pto/t 

PI:  R.T.  Jensen 

Others:      S.A.  Hank 

S.A.  Mantey 

J.  Nrozinski,  Jr. 

C.P.  Pelley 

D.C.  Metz 

0 . S .  Yuan 


'mmtnal  pm'main»l  batfm  ttm  P^u-jm/  hrmagnor.l  (MmTm.  Ma.  momiery,  and  kmkuta  anSatian) 


Branch  Chief 

DDB, 

NIDDK 

Senior  Investigator 

DDB, 

MZDDK 

Chemist 

DDB, 

MIDDK 

Chemist 

DDB, 

NIDDK 

Special  Volunteer 

DDB, 

MIDDK 

Senior  Staff  Fellow 

DDB, 

NIDDK 

Clinical  Associate 

DDB, 

NIDDK 

COOFERATMG  UMTS  0  anri 

Department  of  Biochemistry,  George  Washington  University  (T.H.  Moody);  National 
Institute  of  Dental  Research,  Clinical  Investigations  Branch,  NIH  (R.J.  Turner) 


lABWUNCH 

Digestive  Diseases  Branch 


SECTION 

Section  on  Gastroenterology 


•iSTTTUTE  AND  LOCATION 

NIDDK,  NIH,  Bethesda,  MD  20S92 


TOTAL  STAFF  YEARS; 

2.5 


PROFESSIONAL: 

2.5 


CHECK  APFROFfttATE  »OXIESI 

D    (a)  Human  subjects    D    (b)  Human  tissues      E]   (c)  Neither 
D    (a1)  Minors 
D    (a2)  Interviews 


SUMMARY  OF  WORK  lUm  tandatd  imiwducmd  rypa   Do  net  aiaaad  tha  ^a 

A.  We  have  recently  discovered  a  specific  receptor  for  the  maimalian  bombesin 
related  peptide,  Neuromedin  B  (NMB).   In  this  study  we  have  identified  high 
affinity  receptors  on  the  rat  glioblastoma  tumor  cell  line,  C-6  and  we  have 
investigated  the  cellular  basis  of  action  of  peptides  at  this  receptor  in  this  cell 
line.   The  high  affinity  NMB  receptors  on  C-6  cells  pharmacologically  were 
identical  to  those  in  normal  tissues.   NMB  increased  phospholipase  C  activity, 
increasing  cellular  calcium  and  phosphoinositides  including  IP,,  IPj  and  IPs.   No 
alterations  in  cAMP  were  seen.   Similar  results  were  found  in  collaboration  with 
Dr.  T.W.  Moody  (George  Washington  University)  in  human  small  cell  lung  cancer 
cells.   These  results  show  that  both  receptors  for  the  mammalian  Bn  peptides  NMB 
and  GRP  have  similar  cellular  transduction  mechanisms  in  that  both  activate 
phospholipase  C. 

B.  The  cellular  basis  of  action  of  the  structurally  related  peptides  gastrin  and 
cholecysto)cinin  on  stimulating  pepsinogen  release  from  chief  cells  is  unclear  and 
was  investigated  in  the  present  study.   Bach  peptide  increased  the  mobilization  of 
cellular  calcium  and  increased  IPj.   However,  they  differed  in  their  efficacy, 
stoichiometry  and  intracellular  coupling.   Detailed  analysis  demonstrated  that 
these  2  peptides  were  altering  cellular  function  by  interacting  with  2  distinct 
receptors  with  different  coupling  mechanisms. 

C.  To  investigate  the  role  of  extracellular  and  intracellular  calcium  in 
secretagogue-induced  enzyme  secretion  in  pancreatic  acini,  «ie  studied  the  ability 
of  thapsigargin  (TG),  an  inhibitor  of  microsomal  calcium  ATPase  to  alter 
secretagogue  stimulated  secretion  and  [Ca^'*^];  levels.   Our  findings  indicate  that 
stimulation  of  enzyme  secretion  by  secretagogues  that  increase  IP,  (1,4,5)  does  not 
depend  on  increases  in  [Ca^*],  per  se.   In  contrast,  TG-induced  potentiation  of 
stimulation  of  secretagogues  that  increase  cAMP  results  from  increased  free  [Ca^*]!. 
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SUMMARY  OF  WORK  (Um  tundtid  wumduead  ryp*.  Oe  not  ic—d  tfm  $p»em  ptoridid.l 

studies  in  this  section  involve  patients  with  islet  cell  tumors  (primarily 
with  Zollinger-Ellison  syndrome  [ZES])  and  are  directed  at  further  understanding 
the  pathogenesis  of  the  syndrome  and  to  developing  alternative,  more  effective 
modes  of  therapy  utilizing  both  medical  and  surgical  approaches. 

A.  Control  of  symptoms  due  to  hormone  overproduction  by  tumor.   Patients  with 
ZES  have  islet  cell  tumors  which  release  excess  amounts  of  gastrin  which  causes  a 
severe  ulcer  diathesis.   During  the  year  increasingly  effective  antisecretory 
drugs,  such  as  the  H^-K"  ATPase  inhibitor  lansoprazole,  has  been  shown  to  be 
effective  and  have  a  prolonged  duration  of  action.   Because  many  of  these  patients 
require  surgery  and  cannot  take  oral  druga,  a  simplified  effective  method  involving 
parenteral  use  of  ranitidine  has  been  developed.   Currently  used  drugs  such  as 
omeprazole  used  at  recommended  doses  cost  many  patients  with  ZES  >$10/day  limiting 
compliance  and  during  the  year  wm   have  shown  that  currently  racomDended  doses  are 
too  high  and  can  be  reduced  resulting  in  significant  financial  savings  without 
reducing  efficacy. 

B.  Tumor  localization  and  possible  surgical  cure.   All  patients  with  EES  have 
a  potentially  malignant  tumor  yet  current  cure  rates  are  <20%  because  of  their 
small  size.   We  have  developed  increasingly  effective  means  of  localizing  these 
tumors  including  portal  venous  sampling,  intraarterial  secretin  administration  with 
hepatic  venous  gastrin  sampling,  MRI  scanning  and  careful  exploration  methods  of 
the  duodenum  at  surgery.   In  collaboration  with  J.  Norton,  NCI,  we  have  increased 
the  immediate  post-op  cure  rate  to  60%  with  a  5  year  cure  rate  of  30%. 
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A.  Role  of  cAMP  in  mediating  qastrointestinal  smooth  muscle  relaxation  by  fl- 
adrenerqic  agents  or  neuropeptides.   It  has  been  suggested  but  not  proven  that  cAMP 
is  an  essential  mediator  of  relaxation  by  these  agents  in  GI  smooth  muscle.   To 
investigate  the  role  of  cAMP  in  relaxation,  in  this  study  in  dispersed  gastric 
smooth  muscle  cells,  the  effect  of  the  competitive  protein  kinase  A  antagonist  (R^- 
CAMPS)  was  investigated.   The  results  demonstrated  the  activation  of  PKA  is 
primarily  responsible  for  mediating  gastric  smooth  muscle  relaxation  produced  by 
these  agents. 

B.  Action  of  somatostatin  on  gastric  smooth  muscle.   Somatostatin  has  potent 
effects  on  GI  motility  as  %#ell  as  gastric  atotility.   To  determine  whether 
somatostatin  can  interact  directly  with  GI  nnooth  ntuscle  cells,  in  this  study  the 
ability  of  various  somatostatins  to  interact  with  gastric  smooth  muscle  cells 
prepared  from  guinea  pig  stomach  was  examined.   The  results  demonstrated  smooth 
muscle  cells  possess  high  affinity  somatostatin  (SS)  receptors.   Smooth  muscle 
cells  rapidly  degrade  SS-14,  but  not  SS-28  or  a  synthetic  SS-8  analogue  and  this 
may  be  a  siajor  determinant  of  biologic  activity.   Somatostatin  had  no  effect  alone, 
but  inhibited  relaxants.   The  inhibitory  effect  was  mediated  both  through  a  guanine 
nucleotide  regulatory  protein  to  inhibit  adenylate  cyclase  and  at  a  site  distal  to 
the  generation  of  cAMP. 

C.  Characteritation  of  opoiod  receptors  on  gastric  smooth  muscle.   Numerous  neural 
elements  in  the  GI  tract  possess  receptors  for  opoiod  peptides  and  some  recent 
studies  suggest  that  GI  smooth  muscle  also  possess  opoiod  receptors.   In  this  study 
specific  opoiod  ligands  as  well  as  selective  agonists  and  antagonists  were  used  to 
study  opoiod  receptors  on  gastric  smooth  muscle  cells.   The  results  demonstrated 
these  GI  smooth  muscle  cells  possessed  k  and  \i   opoiod  receptors  but  no  6  receptors 
and  that  occupation  of  either  the  k  or  fi  receptor  results  in  muscle  contraction, 
therefore  opoiod  peptides  interacting  with  these  receptors  can  possibly  alter 
motility  by  interacting  directly  wji-h  ■mooth  muscle  cells. 
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Receptors  for  gastrointestinal  hormones  are  characterized  using  molecular  biology 
methods.   Methods  include  preparation  of  cDNAs,  isolation  and  screening  clones  of 
interest,  pharmacologic  characterization  of  cloned  receptors,  screening  for  related 
receptor  subtypes,  in  situ  hybridization  studies  of  the  receptor  of  interest, 
chimeric  receptor  studies,  preparation  of  antibodies  to  the  isolated  receptors  of 
interest  and  characterization  of  genetic  elements  regulating  receptor  synthesis. 

A.  Cloning  of  the  cholecvstokinin  (CCK>  type  A  receptor  fCCK>  receptor).   At  least 
two  classes  of  receptors  mediate  the  action  of  CCK  and  the  structurally  related 
peptide,  gastrin  in  the  CNS  and  in  peripheral  tissues;  a  CCK^  and  a  CCK^/gastrin 
subtype.   The  CCK^  receptor  mediates  CCK  effects  in  the  CNS  on  satiety  and 
peripheral  physiologic  effects  such  as  gallbladder  contraction  and  pancreatic 
secretion.   In  this  study  the  CCK^  receptor  was  purified  to  hooogeneity  from  rat 
pancreas  and  partial  peptide  sequencing  was  obtained  after  chemical/enzymatic 
digestion.   Osing  degenerate  oligonucleotide  primers,  clones  %Mre  identified  which 
led  to  identification  of  the  nucleotide  sequence  of  the  rat  pancreatic  CCK^ 
receptor.   The  CCK^  receptor  has  444  amino  acids  and  seven  putative  transmembrane 
domains  suggesting  its  membership  in  the  guanine  nucleotide-binding  regulatory 
protein-coupled  receptor  super family.   In  vitro  transcripts  of  the  cDNA  clone  were 
functionally  expressed  in  Xenopus  oocytes  and  displayed  the  expected  agonist  and 
antagonist  specificity. 

B.  Cloning  of  the  CCKy/qastrin  receptor.   The  CCK,/gastrin  receptor  is  the 
principal  receptor  mediating  the  action  of  CCK  on  gastrointestinal  Motility,  growth 
effects  and  is  the  predominant  subtype  in  the  CNS  mediating  such  CNS  effects  as 
CCK-induced  anxiety  and  analgesia.   In  this  study  using  a  CCK^  receptor  cDNA  probe 
under  low  stringency  hybridization  conditions  to  screen  a  rat  brain  cDNA  library 
and  a  cDNA  library  from  AR42J  cells,  a  pancreatic  human  cell  line  which  possesses 
CCKg  receptors,  a  novel  cDNA  was  identified.   The  cDNA  sequence  was  identical  in 
both  tissues  and  encoded  a  452  amino  acid  protein  which  has  48%  identity  to  the 
CCKa  receptor.   This  receptor  contains  seven  transmembrane  domains  characteristic 
of  G-protein  coupled  receptors.   COS-7  cells  transf acted  with  the  novel  cDNA 
demonstrated  the  pharmacology  characteristic  for  a  CCK,/gastrin  receptor  subtype. 
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Both  clinical  and  electrophysiologic  (VER  waveform)  ameliorations  of  hepatic  encephalopathy  (HE)  have 
been  induced  in  animals  with  FHF  by  benzodiazepine  (BZ)  receptor  ligands  with  antagonist  properties. 
Furthermore,  spontaneous  in  vitro  activity  of  Purkinje  neurons  from  rabbits  in  HE  due  to  FHF  exhibited 
increased  sensitivity  to  depression  by  agonists  of  the  GABA/BZ  receptor  complex,  including  a  BZ,  and,  in 
contrast  to  control  neurons,  exhibited  excitation  when  exposed  to  BZ  receptor  antagonists.  In  addition  a 
BZ  receptor  antagonist  reversed  the  hypersensitivity  of  HE  rabbit  neurons  to  depression  by  a  GABA 
agonist.  The  functional  status  of  the  chloride  ionophore  of  the  GABA/BZ  receptor  complex  has  been 
shown  to  be  nonnal  in  a  rat  model  of  HE  due  to  FHF.  Radioligand  binding  to  BZ  receptors,  determined 
autoradiographically,  was  decreased  in  thin  unwashed  sections  from  HE  rabbit  brains.  Purification  and 
characterization  of  HE  rat  brain  extracts  reveale«?  the  presence  of  reversible,  competitive,  BZ  receptor 
ligands  with  agonist  properties.  Two  of  these  ligands  have  been  chemically  characterized  as  the  1,4-BZs 
diazepam  and  N-desmetfiyldiazepam.  The  concentrations  of  these  compounds  were  2-9  fold  greater  in 
HE  rat  brain  than  control  brain.  Overall,  these  findings  suggest  that  in  HE  due  to  FHF:  (i)  There  is 
increased  GABA-crgic  tone;  (ii)  Blockading  of  BZ  receptors  can  ameliorate  HE;  (iii)  BZ  receptor 
antagonists  may  be  of  value  in  die  management  of  HE;  and  (iv)  Endogenous  BZ  receptor  agonists  probably 
contribute  to  HE.  The  efficacy  of  BZ  receptor  ligands  in  ameliorating  HE  in  animal  model!  does  not  ap- 
pear to  depend  on  their  intrinsic  activity,  but  may  be  related  to  their  affinity  for  BZ  receptor  subtypes  in 
addition  to  the  diazepam  sensitive  receptor. 
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Primary  biliary  cirrhosis  (PBC)  appears  to  be  a  model  autoimmune  disease.  Abnormal  immune 
mechanisms  are  being  studied  in  this  disease,  but  so  far  a  disease-specific  immunologic  deficit  has  not 
been  defined  with  certainty.    To  determine  whether  previously  described  abnormalities  of  lymphocyte 
function  in  PBC  might  be  due  to  altered  function  of  immunoregulatory  T  cell  subpopulations.  phenoiypic 
and  functional  characteristics  of  T  cells  that  have  the  CD4  antigen  detectable  (by  monoclonal  antibody)  on 
their  surface  were  examined.  Patients  with  PBC  were  found  to  have  normal  numbers  of  CD4+.  Lcu-8+  T 
cells,  but.  in  contrast  to  patients  with  other  liver  diseases,  suppression  of  immunoglobulin  synthesis  and 
mitogen-stimulated  proliferation  mediated  by  this  subpopulation  of  T  cells  were  (tefective.  These  defects 
in  the  function  of  CD4+.  Leu-8+  T  cells  in  patients  with  PBC  were  corrected  by  phorbol  ester  suggesting 
that  abnormal  function  of  the  biochemical  pathway  involving  protein  kinase  C  may  contribute  to  the 
immunological  abnormalities  exhibited  by  patients  with  PBC.  In  contrast  to  control  patients  with  non- 

PBC  chronic  inflammatory  liver  disease.  mRNA  for  IL-1^.4^  and  6,  and  TNF-a  were  not  detected  in 

liver  biopsies  from  patients  with  PBC.  mRNA  for  INF-y  was  detected  in  11  of  18  PBC  liver  biopsies. 
While  these  findings  do  not  exclude  a  role  for  cytokines  in  the  mediation  of  bile  duct  lesions  in  PBC.  they 
suggest  that  immunologic  injury  that  is  not  mediated  by  cytokines  plays  a  major  role  in  disease  progression 
in  PBC. 
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Primary  biliary  cirrhosis  (PBC)  is  an  autoimmune  disease  of  unknown  etiology  characterized  by  slowly 
progressive  intrahepatic  cholestasis  due  to  non- suppurative  inflammatory  destruction  of  small  intrahepatic 
bile  ducts.  Because  some  other  autoimmune  diseases  appear  to  respond  favorably  to  certain 
immunosuppressive  agents,  trials  of  selected  immunosuppressive  drugs  are  being  undertaken  in  patients 
with  PBC.  One  promising  drug  of  this  type  is  methotrexate.  Ten  patients  with  symptomatic  PBC  were 
admitted  to  an  open  trial  of  low-dose  (15  mg)  once  weekly  oral  methotrexate.  Two  patients  with  advanced 
(stage  ni-IV)  disease  dropped  out  after  4-5  months.  The  remaining  8  have  been  followed  for  up  to  36 
months.  Methotrexate  therapy  in  these  patients  was  associated  widi  significant  decreases  in  elevated 
serum  levels  of  IgM  and  alkaline  phosphatase  and  a  more  than  50%  decrease  in  symptom  scores  for  fatigue 
and  pruritus.  Serum  ALT  levels  initially  increased  (at  4  and  8  mo.)  but  the  mean  subsequently  fell  to  10% 
below  baseline.  In  8  patients,  who  had  liver  biopsies  before  and  after  one  year  of  treatment,  methotrexate 
was  associated  with  a  substantial  decrease  in  hepatic  inflammation  but  no  obvious  change  in  fibrosis.  Pa- 
tients with  Stage  III  disease  progressed  during  the  second  year  of  treatment  and  methotrexate  was  discon- 
tinued in  3  of  these  patients.  A  randomized  trial  of  two  doses  of  methotrexate  (7.5  and  15  mg/week)  for 
asymptomatic  as  well  as  symptomatic  patients  with  PBC  has  been  initiated.  25  patients  have  been  admit- 
ted to  this  trial. 
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These  findings  indicate  that  the  fetal  ability  of  the  bver  to  synthesize  opioid  peptides  is  regained  during 
cholestasis. 
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Patients  with  chronic  type  B  hepatitis  are  being  evaluated  and 
followed  prospectively  to  determine  the  long-term  natural  history 
of  this  common  form  of  chronic  liver  disease.   Selected  patients 
have  been  entered  into  therapeutic  trials  of  antiviral  or 
immunomodulatory  agents.   Several  agents  have  been  evaluated 
including  alpha  interferon,  ribavirin,  and  fluoro-iodo 
arabinofuranosyl-uracil  (FIAU) .   Alpha  interferon  continues  to  be 
evaluated  in  atypical  or  unusual  patients  who  would  ordinarily 
excluded  from  controlled  trials  including  those  with 
decompensated  cirrhosis,  extra-hepatic  complications  of  hepatitis 
B,  atypical  serologic  markers  and  children  with  hepatitis  B. 

A  pilot  study  of  ribavirin  in  18  patients  with  chronic 
hepatitis  B  found  that  both  ser\im  HBV  DNA  and  alanine 
aminotransferase  (ALT)  levels  decreased  significantly  within  4 
weeks  of  starting  therapy.   The  decrease  in  mean  HBV  DNA  averaged 
23%.   Mean  ALT  levels  decreased  by  40%,  becoming  normal  in  4 
patients  at  the  end  of  treatment.   However,  these  changes  were 
transient  only.   Only  1  patient  lost  hepatitis  B  e  antigen  from 
serum  during  therapy.   Subsequently,  HBeAg  reappeared  and  HBV  DNA 
again  became  detectable  in  this  individual. 

A  pilot  study  of  FIAU,  a  nucleoside  analogue,  is  currently 
underway.  Nine  patients  have  completed  4  weeks  of  therapy  and 
have  been  followed  for  at  least  1  week  after  stopping  FIAU.  At 
all  doses  of  FIAU  tested  so  far  (0.05,  0.1  and  0.25  mg/kg/day) , 
therapy  is  associated  with  marked  suppression  (85%  decrease)  of 
serum  HBV  DNA  levels  after  4  weeks  of  therapy.  FIAU  appears  to 
be  well-tolerated  with  few  side  effects. 
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Patients  with  well-documented  chronic  hepatitis  C  are  being 
evaluated  to  determine  the  long-term  natural  history  of  this 
common  form  of  chronic  liver  disease.   A  cohort  of  such  patients 
are  available  to  evaluate  experimental  therapies.   Previous 
studies  have  shown  that  alpha  interferon  therapy  has  a  short-term 
beneficial  effect  in  approximately  50%  of  patients  during 
treatment  and  that  the  beneficial  response  is  sustained  in 
approximately  20%  after  stopping  interferon.   A  pilot  study  of 
ribavirin  therapy  indicated  that  this  agent  has  an  antiviral 
effect  against  hepatitis  C.  A  randomized,  placebo-controlled 
trial  of  ribavirin  is  currently  underway. 
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ANNUAL  REPORT  OF  THE 

MOLECULAR  AND  CELLULAR  ENDOCRINOLOGY  BRANCH 

(fonnerly.  tiie  MOLECULAR,  CELLULAR  AND  NUTRITIONAL  ENDOCRINOLOGY  BRANCH) 

NATIONAL  INSTITUTE  OF  DIABETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 

The  MCEB  continues  basic  and  clinical  investigations  in  the  areas  of  molecular  regulation  and 
neuroendocrinology  (Molecular  Regulation  and  Neurocndocrinology  Section,  Bruce  D. 
Weintraub,  Chief);  and  growth  and  development  (Growth  and  Development  Section,  Matthew 
M.  Rechler,  ChieO-  The  Branch  has  had  many  visiting  fellows  and  associates,  as  well  as 
international  collaborations  with  the  University  of  Milan,  Italy;  University  of  Marseilles,  France; 
Karolinska  Institute,  Sweden;  Postgraduate  School  of  Obstetrics  and  Gynecology,  University  of 
Auckland,  New  Zealand;  University  of  Naples,  Italy;  Department  of  Medicine,  University  of 
Gothenburg,  Sweden;  University  of  Madrid,  Spain.  In  the  past  year  Dr.  Weintraub  was  honored 
as  a  Visiting  Professor  at  Beth  Israel  Hospital,  Harvard  Medical  School  as  the  second  Sydney 
Ingbar  Lecturer.  He  was  also  a  plenary  speaker  at  the  International  Thyroid  Meeting  in 
Amsterdam,  the  UCLA  Symposium  on  Thyroid  Hormone  Action  in  Tamairon,  Colorado,  The 
Endocrine  Society  Meeting  in  San  Antonio,  Texas,  the  Annual  Meeting  of  the  Maryland 
Endocrine  Society,  as  well  as  several  other  national  meetings. 

I.  THYROTROPIN,  THYROTROPIN-RELEASING  HORMONE  AND  THYROID  HOR- 
MONE: MOLECULAR  BIOLOGY,  REGULATION,  ACTION,  AND  PATHO- 
PHYSIOLOGY. 

A.     Small  Scale  and  Large  Scale  Production  of  Recombinant  Human  Thyrotropin  (TSH) 
and  Its  Analogues:  Clinical  Trials  in  Patients  with  Thyroid  Cancer 

Previous  studies  by  our  laboratory  have  shown  that  recombinant  hTSH  produced  by  transient 
transfection  of  human  embryonal  kidney  (293)  cells  was  bioactive.  However,  the  level  of 
transient  expression  was  not  sufficient  to  carry  out  further  characterization.  In  order  to  obtain 
high  level  expression  of  rhTSH,  the  original  TSHP  minigene  (2kb)  was  modiHed.  A  989bp 
hTSnp  minigene  was  synthesized  and  was  inserted  into  two  transient  expression  vectors  by 
directional  cloning. 

.Cos-7  and  293  cells  were  cotransfected  with  plasmids  containing  an  hTSHp  minigene  driven  by 
either  simian  virus  (SV40)  late  promoter  or  cytomegalovirus  (CMV)  promoter,  and  a  plasmid 
pAV2.hCXjacDNA  (621bp)  driven  by  SV40  early  promoter.  Immunoactivity  of  transiently 
expressed  rhTSH  in  media  was  dete^pined  by  immunoradiometric  assay,  and  bioactivity  was 
measured  by  its  ability  to  incorporate  ^  thymidine  as  well  as  to  stimulate  cAMP  production  in 
rat  thyroid  FRTL5  cells.  Both  the  cell  types  Cos-7  and  293  express  transiently  high  levels  of 
immunoactive  riiTSH  (150.2±5.4  ^lU/ml)  when  the  CMV  promoter  containing  expression  vector 
and  a  ratio  of  a  subunit  cDNA  to  TSHp  3:1  was  used.  Excellent  correlation  was  observed 
between  immuno-  and  bio-activity  when  transiently  expressed  riiTSH  was  measured   in 


372 


1^ 


concentrated  media  from  transfected  cells.  I*roduction  of  biologically  active  hTSH  in  transient 
expression  assay  can  be  used  as  a  very  useful  screening  method  for  the  initial  characterization  of 
mutants  and  variants  of  recombinant  TSH,  prior  to  stable  transfection,  as  described  below. 

We  have  previously  characterized  recombinant  human  TSH  (rhTSH)  produced  by  Chinese 
hamster  ovary  cells  attached  to  microcarrier  beads  in  a  large-scale  bioreactor  after  stable 
transfection  of  hCGa  and  hTSH^  minigenes.  We  have  now  produced  in  our  laboratory  greater 
than  200  mg  of  rhTSH  using  a  small  hollcw-fiher  bioreactcn-  system.  The  daily  production  rate 
of  itTSH  (0.5-3  mg)  in  this  system  was  affected  by  various  factors,  including  concentrations  of 
glucose,  lactate,  serum,  as  well  as  proteolytic  activity  deriving  frcns  cells. 

In  collaboration  with  the  Biotechnology  Unit  of  NIDDK,  we  have  used  immunoaffinity 
chromatography  or  cation-exchange  and  dye  affinity  chromatography  to  purify  the  rhTSH  for 
further  analysis.  We  observed  that  the  rhTSH  produced  in  the  hollow-fiber  bioreactor  showed  3- 
fold  higher  bioactivity  in  vitro  than  commercially  produced  rhTSR  In  addition,  we  found  about 
4-S-fold  lower  sialic  acid  content  in  rhTSH  produced  in  the  hollow-fiber  bioreactor  than  in  the 
ihTSH  produced  on  a  large  scale.  rhfSH  produced  in  the  hollow-fiber  bioreactor,  large-scale 
produced  rhTSH,  as  well  as  pituitary  hTSH  have  been  examined  by  chromatofocusing  on  a 
Mono  P  column  with  a  linear  pH  gradient  &om  7.1  to  4.0  and  8.3  to  5.0.  On  chromatofocusing, 
riiTSH  was  separated  into  at  least  5  isoforms  of  pi  range  7.1-5.5,  whereas  pituitary  hTSH  G-7) 
was  separated  into  6  isoforms  with  pi  generally  more  acidic  than  both  rhTSH  preparations.  The 
bioactivities  of  the  isoforms  were  determined  in  3  different  FRTL-5  cell  bioassays  (cAMP, 
growth,  and  deiodinase  activity).  More  acidic  fractions  of  rhTSH  (pi  6.5-5.5)  required  2-3  fold 
higher  concentration  for  half-maximal  stimulation  of  cAMP  production  than  Uie  more  basic 
fractions  (pi  7.1-6.9).  Essentially  similar  results  were  obtained  in  2  other  in  vitro  assays:  growth 
and  deiodinase  activity  assays.  Carbohydrate  compositional  analysis  of  the  fractions  showed 
higher  sialic  acid  content  in  mor&  acidic  riiTSH  fractions.  Pituitary  hTSH  acidic  isoforms  (pi 
5.75-4.75)  showed  higher  total  sulfate  and  sialic  acid  content  than  more  basic  fractions  (pi  6.5- 
5.75).  No  major  differences  in  neutral  oligosacccharides  between  fractions  were  found.  Since  it 
is  known  that  sialylation  alters  the  metabolic  clearance  of  glycoproteins,  we  examined  the 
clearance  rate  of  rhTSH  isoforms  in  rats.  We  found  that  the  clearance  rate  is  inversely  related  to 
the  degree  of  sialylation,  from  the  highly  sialylated  rhTSH  isoform  with  pi  6.3,  which  has  the 
slowest  clearance  rate,  to  the  asialo-itTSH,  wMch  has  the  osost  rapid  clearance  rate. 

We  also  measured  the  stimulation  of  unlabeled  thyroxine  levels  in  mice  by  rhTSH  preparations 
using  a  novel  in  vivo  bioassay  procedure  recently  developed  in  our  laboratory.  We  found  that, 
highly  sialylated,  unfractionated,  large-scale  produced  recombinant  TSH-G  is  more  active  in 
vivo  than  the  less  sialylated  recombinant  TSH  produced  in  the  hollow-fiber  bioreactor.  We  have 
also  found  that  the  most  sialylated  isoform  is  the  noost  active  preparation  in  vivo. 

^Through  a  Cooperative  Research  and  Development  Agreement  with  the  Genzyme  Corporation 
(Boston),  recombinant  human  TSH  is  being  used  for  clinical  studies  in  patients  with  thyroid 
cancer.  This  product  is  expected  to  stimulate  uptake  of  radioactive  iodide  fcM-  both  diagnostic  and 
therapeutic  purposes  and  to  obviate  the  need  for  performing  uptake  studies  in  hypothyroid 
patients.  An  Investigational  New  Drug  Application  has  been  approved  by  the  Food  and  Drug 
Administration  and  phase  1-2  clinical  trials  have  been  completed  at  NIH  and  four  other  medical 
centers  showing  preliminary  efficacy  and  safety  in  19  patients.  Phase  3  trials  are  being  planned. 

N.  R.  Thotakura,  L.  Joshi,  M.  Szkudlinski,  J.  E.  Palmer,  B.  D.  Weintiaub 
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B.  Sequential  enzymatic  dcglycosylation  of  recombinant  hTSH  and  the  role  of  individual 
monosaccharides  in  the  oligosaccharide  chains  of  TSH  in  the  hormone's  action: 

Recombinant  (r)hTSH,  expressed  in  Oiinese  hamster  ovaiy  cells  C(Mitains  sialic  acid-tenninatiiig 
oligosaccharides  as  opposed  to  the  presence  of  tenninal  sulfate  residues  in  addition  to  the  sialic 
acids  in  native  pituitary  hTSH.  Sequential  dcglycosylation  of  hTSH  to  study  the  role  of  non- 
tenninal  saccharides  was  not  previously  possible  due  to  the  lack  of  suitable  sulfatase 
preparations,  first  to  remove  the  terminal  sulfate.  Now,  using  ATSH,  we  have  removed  the 
monosaccharides  sequentially  by  digestion  with  several  exoglycosidases:  neuraminidase,  ^- 
galactosidase,  ^-N-acetyl  glucosaminidase  and  a-  and  ^mannosidases.  The  effect  of  removal  of 
each  of  the  sugars  on  the  receptor-binding  activity,  and  the  in  vitro  and  in  vivo  bioactivities  of 
TSH  is  currently  being  studied.  Prior  studies  have  shown  that  desialylated  rfaTSH  is  10  to 
20-fold  more  active  than  the  native  hormone  in  in  vitro  bioassays,  but  is  rapidly  cleared  from 
the  circulation  and  thus  has  very  low  in  vivo  bioactivity.  We  have  now  shown  that  renwval  of 
galactose  and  N-acetyl  glucosamine  do  not  significantly  reduce  the  in  vitro  bioactivity 
compared  to  the  desialylated  derivative.  Therefore,  the  in  vivo  bioactivity  of  these  derivatives 
may  possibly  be  higher  than  the  native  hormone  if  their  metabolic  clearance  rates  are  lower  than 
the  desialylated  TSH 

N.  R.  Thotakura,  M.  W.  Szkudlinski,  B.  D.  Weintraub 

C.  Transcriptional  regulation  of  human  TSH^  (hTSHP)  gene  expression 

The  hTSHP  gene  is  expressed  only  in  the  thyrotrophs  of  the  anterior  pituitary,  where  its 
expression  is  induced  by  TRH,  MA  or  cAMP  and  inhibited  by  the  thyroid  hormone.  Our 
previous  studies  indicated  that  the  hormonal  induction  of  the  hTSH^  gene  requires  the  pituitary- 
specific  factor  pit-1  which  binds  to  the  -128/-61  region,  while  the  thyroid  hormone  inhibition  is 
mediated  by  thyroid  hormone  receptor  binding  to  the  sequences  in  the  first  exon. 

In  this  study,  we  found  that  the  interaction  of  Pit-1  with  AP-1-like  ubiquitous  faaor  induced  by 
PMA  or  cAMP  is  crucial  for  the  activation  of  the  hTSHP  gene.  Detailed  mutational  analysis  in 
the  gel  mobility  shift  assays  revealed  that  the  AP-1-like  ubiquitous  factor  binds  to  the 
TGGGTCA  sequences  at  -1/+6  of  the  hTSBp  promoter  which  differ  in  only  one  nucleotide  from 
the  consensus  AP-1  site  (TGAGTCA).  Mutation  of  this  element  alone  abolished  the  induction 
by  Pit-1/PMA  or  Pit-1/cAMP  completely  even  in  the  presence  of  Pit-1  indicating  an  interaction 
between  the  AP-1 -like  factor  and  Pit-1.  However,  Pit-1  neither  increased  the  binding  of  the 
AP-1 -like  factor  to  its  target  sequences  nor  associated  with  this  factor  to  form  a  heterodimer. 
Since  the  TGGGTCA  element  which  mediates  both  the  PMA  and  cAMP  responsiveness  of  the 
hTSnp  gene  overlaps  with  the  known  thyroid  hormone  inhibitory  element,  it  appears  that 
different  signal  transduction  pathways  and  regulation  by  honnone  receptors  converge  to  the  same 
element  in  the  hTSHP  gene. 

We  have  noted  that  an  AP-1  binding  site  from  -1  to  46  l^  overlaps  with  domain  1  in  the  first 
exon  of  hTSHP  and  examined  possible  interactions  between  c-fos  and  c-jun,  the  heterodimeric 
constituents  of  AP-1,  with  thyroid  hormone  receptor  in  this  region.  Transient  transfections  were 
performed  in  human  placental  cells  (JEG3)  using  luciferase  expression  vectors  containing 
transversion  mutations  in  the  first  exon  of  a  -125  to  +37  fragment  of  the  hTSHP  gene. 
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Cotransfection  of  expression  plasmids  for  c-jun  and  c-fos  alone  increased  basal  expression  of 
native  hTSH^  3.7  and  7.3-fold,  respectively  and  together  11 -fold.  Stimulation  of  transversion 
mutations  at  +2  bp  and  +4  bp  by  cotransfected  c-jun  was  244%  and  18%  and  for  c-fos  and  185% 
and  30%,  respectively  of  of  wild  type  stimulation.  The  transversion  mutations  alone  reduced  T3 
inhibition  by  26%  and  29%  respectively.  T3  inhibition  of  the  wild  type  construct  from  19%  to 
57%,  and  of  the  transversion  mutations  at  +2  and  +4  bp  to  74%  and  59%  respectively. 
Cotransfection  of  equal  amounts  of  c-fos  and  c-jun  resulted  in  a  40%  inhibition,  partially 
reversing  the  c-fos-iniduced  increased  inhibition.  Thus,  c-fos  and  c-jun  are  potent  stimulators  of 
hTSHP  expression  in  opposite  directions.  Control  of  the  relative  cellular  levels  of  these  two 
proto-oncogenes  may  thus  play  a  major  role  in  modulating  thyroid  hcmnone  inhibitory  responses. 

We  have  recendy  optimized  a  primary  anterior  pituitary  cell  culture  system  to  reexamine  the 
positive  and  negative  regulation  of  TSHp  transcription  in  thyrotropes.  Enzymatic  dispersion  of 
normal  rat  anterior  pituitary  tissue  yields  cells  for  primary  monolayer  culture.  Transient 
transfection  using  calcium  phosphate  precipitation  of  hTSHP  constructs  that  were  placed  within 
a  chloramphenicol  acetyl  transferase  (CAT)  reporter  were  demonstrated  to  increase  CAT  activity 
2-3  fold  by  TRH,  15-  to  20-fold  increase  by  forskoiin,  and  a  50-70%  reduction  in  both  basal  and 
forskolin-stimulated  CAT  activity  by  thyroid  hormone.  Previous  work  with  GH3  cells  has 
demonstrated  at  most  a  30%  reduction  in  gene  expression  by  T3.  Mutations  from  the  3'  end  of 
the  first  exon  of  the  hTSHP  gene  (-128/+37CAT,  -128/+8CAT.  and  -128/+2CAT)  which  aboUsh 
all  of  the  most  3*  thyroid  hormone  response  element  TRE)  or  part  of  the  most  5'  TRE  in  the  first 
exon  show  a  diminution  of  inhibition  by  T3.  The  remaining  two  bases  (GG=+l+2)  of  the  first 
TRE  may  be  sufficient  to  suppon  T3  inhibition.  To  determine  if  one  or  both  bases  are  required 
for  T3  inhibition,  scanning  mutational  analysis  using  transient  transfection  of  hTSHP  gene 
expression  vectors  containing  5  bp  cassette  mutations  within  the  first  exon  will  be  performed. 

M.  K.  Kim,  D.  L.  Bodenner,  L.  A.  Lesoon-Wood,  B.  D.  Weintraub 

D.     Mutant  pi  T3-Receptors  &x>m  Kindreds  with  Generalized  Resistance  to  Thyroid 
Hormone. 

Generalized  resistance  to  thyroid  hormone  (GRTH)  is  an  inherited  disease  linked  to  mutations  in 
the  p  T3  receptor  (hTRP)  gene  and  characterized  clinically  by  the  resistance  of  peripheral  and 
pituitary  tissues  to  the  action  of  thyroid  hormone.  Of  the  over  30  different  mutations  identified 
in  the  ligand  binding  domain  of  the  hTRPi,  several  were  shown  to  inhibit  normal  hTR  function 
by  a  dominant  negative  mechanism,  which  is  likely  to  mediate  the  phenotype  of  this  disease. 
Three  different  mechanisms  have  been  proposed  to  mediate  the  inhibitory  action  of  mutant 
hTRpi :  (1)  competition  for  binding  to  T3-response  elements  (TRE),  (2)  con:q>etition  for  limiting 
anoounts  of  TR  auxiliary  proteins,  (3)  formation  of  inactive  dimers  between  normal  and  mutant 
receptors.  Indirect  evidence  in  HeLa  cells  has  been  presented  to  suggest  that  the  last  mechanism 
,is  unlikely  to  be  important,  while  the  former  two  mechanisms  are  likely  to  occur.  Therefore,  we 
investigated  direcdy  the  DNA-binding  properties  of  three  different  mutant  hTRpi  proteins 
derived  fit)m  in  vitro  translation  (ED,  OK,  PV)  in  gel-shift  (TREpal  probe)  and  avidin-biotin 
complex  DNA  binding  (ABCD,  iGH  -186  to  -158  bp  probe)  assays.  Since  RXRP  was  recently 
shown  to  be  the  predominant  TR  auxiliary  protein  in  HeLa  cells,  we  also  investigated  the 
interaction  of  the  mutant  hTRpi  with  RXRp.  All  the  mutant  receptors  bound  well  to  both  the 
TREpal  and  the  iGH-TRE.  In  gel-shift  experiments,  the  apparent  dissociation  rates  of  mutant 
hTRpi  were  not  different  from  normal  hTRpi  (7  min  for  50%  dissociation  at  3TC).  Similarly, 
the  binding  avidity  of  mutant  receptors  to  iGH-TRE  in  the  ABCD  assay  was  not  different  from 
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wild-type  at  various  DNA  and  T3  concentrations.  The  addition  of  in  vitro  translated  RXRp 
induced  the  formation  of  heterodimers  with  nonnal  and  mutant  hTRpl  in  gel  shift  experiments. 
These  results  suggest  that  the  interaction  of  these  mutant  hTR^l  with  auxiliary  proteins  is  intact 
and  therefore  competition  for  limiting  amounts  of  accessory  factors  might  be  involved  in 
mediating  the  dominant  negative  effect.  To  test  this  hypothesis  directly,  we  transiently 
transfected  HeLa  cells  with  a  pMTV-TREpal-CAT  reporter  and  the  appropriate  pSV2  expression 
vectors.  Although  the  dominant  negative  potency  of  the  mutant  hTR^l  and  hRAR  in  a  dose- 
dependent  manner,  the  dominant  negative  potency  of  the  mutant  hTR^  1  on  normal  hTR^  1 
function  could  not  be  reversed  under  the  conditions  tested.  In  conclusion,  we  have  denxHistrated 
that  hTRpi  firom  different  kindreds  with  GRTH  bine  nOTmally  to  DNA  and  RXRP,  despite  the 
presence  of  mutations  in  a  domain  that  is  involved  in  modulating  these  interactions.  Since 
transfection  of  excess  amounts  of  RXRP  did  not  reverse  the  inhibitory  potency  of  mutant  hTRP  1 , 
we  propose  that  competition  of  mutant  and  normal  hTRpi  for  DNA-binding  rather  than  for 
limiting  amounts  of  r3gIP  is  involved  in  mediating  the  dominant  negative  action  of  the  mutant 
hTRpi. 

We  have  recendy  investigated  whether  the  heterogeneous  phenotypic  features  that  occur  not  only 
among  kindreds  but  also  within  the  same  kindred  might  be  due  to  the  expression  of  different 
ratios  of  mutant  and  normal  receptors  in  tissues.  Using  an  allele-speci^c  primer  extension 
method,  we  determined  the  relative  expression  of  normal  and  mutant  inRNAs  from  the 
fibroblasts  of  affected  and  unaffected  members  of  two  kindreds  with  GRTH.  While  3  affected 
members  of  this  kindred,  as  expected,  had  nearly  equal  amounts  of  normal  and  mutant  hTRP 
RNA,  two  affected  members  had  mutant  mRNA  levels  that  accounted  for  at  last  70%  of  the 
hTRP  mRNA.  When  several  clinical  parameters  of  GRTH  were  compared  in  these  affected 
members,  we  found  that  the  cases  exhibiting  a  high  mutant  to  normal  hTRP  ratio  had 
considerably  more  bone  resistance  and  growth  retardation.  Furthermore,  one  affected  case 
relative  mutant's  expression  decrease  from  84%  to  67%  as  her  growth  curve  increased  from  less 
than  the  5%  to  the  25%.  The  second  kindred  who  did  not  vary  significandy  from  the  expected  50 
percentile  did  not  have  bone  resistance.  These  results  suggest  that  differing  ratios  of  normal  and 
mutant  hTR  receptors  may  be  age  and  growth  related  and  may  account  for  the  reported 
attenuation  of  phetotypic  symptoms  with  age  in  these  patients. 

We  have  also  investigated  the  relationship  between  generalized  resistance  to  thyroid  hormone 
(GRTH)  and  attention  deficit  hyperactivity  disorder  (ADHD).  Eighteen  unrelated  kindreds  with 
GRTH  were  included  in  the  initial  study;  in  13  of  these,  distinct  mutations  in  the  human  thyroid 
receptor  P  (hTRP)  gene  were  located  in  exons  9  and  10  which  codes  for  the  ligand-binding 
domain  of  the  receptor.  The  study  population  consisted  of  49  affeaed  and  55  unaffeaed  family 
members  comprising  a  total  of  52  adults  (^18  yrs)  and  52  children  (<18  yrs).  Patients  were 
evaluated  by  interviewers  blind  with  respect  to  the  diagnosis  of  GRTH  using  structured 
-psychiatric  questionnaires.  50%  (11/22)  of  GRTH  affected  adults  compared  to  7%  (2/30)  of 
4jnaffected  adult  family  members  (p<0.0001),  and  70%  (19/27)  of  GRTH  affected  children 
compared  to  20%  (5/25)  of  unaffected  child  family  members  (p<.0(X)l)  met  criteria  for  the 
diagnosis  of  ADHD.  Further,  the  mean  ADHD  symptom  score  was  2.5-fold  higher  in  the 
affected  patient  group  than  the  group  of  unaffeaed  family  members  (7.0  vs.  2.89,  p<0.0001). 
Other  psychiatric  diagnoses  were  not  significantly  different  between  the  two  groups.  The  strong 
association  of  ADHD  to  GRTH  could  not  be  explained  by  elevated  thyroid  hormone  levels  in 
patients  with  GRTH.  Anecdotal  evidence  showed  that  symptoms  of  ADHD  were  ameliorated 
with  liiothyronine  replacement  therapy  in  12  of  19  patients,  suggesting  that  the  behavioral 
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manifestations  of  a  defective  thyroid  honnone  receptor  may  be  partially  reversed  by  liiothyronine 
treatment 

Another  aspect  of  this  study  investigated  the  effect  of  GRTH  on  cerebral  metabolism  detemiined 
by  positron  emission  tomography  (PET).  PET  brain  scans,  using  [18F]fluoro-2-deoxy-D- 
glucose,  were  obtained  on  nine  adult  patients  with  GRTH  and  nine  age  and  sex-matched  normal 
controls  while  they  performed  an  auditory  continuous-performance  task  (CPT)  designed  to 
activate  areas  of  the  brain  necessary  for  sustained  aaention.  The  auditory  CPT  performance 
score  was  significandy  lower  in  9  GRTH  patients  who  had  PET  scans  than  the  age  and  sex- 
matched  controls  (mean  score;  148  vs.  87.  p<0.03).  Of  the  60  regions  of  interest  measured  by 
PET,  glucose  metabolic  rates  of  GRTH  patients  were  significantly  decreased  in  the  superior  right 
parietal  lobe  (p<O.OS)  and  increased  in  the  mid-occipital  lobes  (p<0.01)  and  the  right  thalamus 
(p<0.05).  The  PET  data  suggest  that  GRTH  may  cause  decreased  metabolism  in  an  area  of  the 
brain  (right  parietal  lobe)  that  subserves  sustained  attention. 

These  data  demonstrate  that  ADHD  is  strongly  and  specifically  associated  with  GRTH.  This  is 
the  first  defined  molecular  model  of  ADHD  and  may  provide  new  insights  into  the  basic 
pathogenesis  of  this  disorder. 

A.  J.  Mixson,  C.  H.  Meier,  P.  Hauser,  B.  D.  Weintraub 

n.      INSULIN-LIKE  GROWTH  FACTORS 

We  have  extended  our  studies  to  understand  how  insulin-like  growth  factor  binding  proteins 
(IGFBPs)  modulate  the  biological  action  of  IGF-I  and  IGF-II.  The  IGFs  occur  in  plasma,  other 
extracellular  fluids,  and  tissues  complexed  to  one  or  more  members  of  the  family  of  6  IGFBPs. 
The  IGFBPs  determine  the  bioavailability  of  the  IGFs,  and  may  inhibit  or  potentiate  their  actions. 
A  major  determinant  of  the  biological  activity  of  the  IGFBPs  is  its  abundance  in  different  tissues, 
which  is  determined  in  pan  by  regulation  of  its  synthesis.  We  have  studied  the  regulation  of 
IGFBP-2  transcription  in  rat  liver  by  fasting,  the  regulation  of  IGFBP-1  transcription  by  insulin 
in  diabetes  and  in  rat  hepatoma  cells,  and  demonstrated  that  IGFBP-6  in  human  cerebrospinal 
fluid  is  O-glycosylated.  (1)  IGFBP-2  mRNA  is  increased  in  fasted  rat  liver  (but  not  brain  or 
kidney),  and  rapidly  normalized  by  refeeding.  Run-on  transcription  studied  demonstrated  a 
corresponding  increase  in  the  initiation  of  transcription  of  the  IGFBP-2  gene.  IGFBP-2 
transcription  and  IGFBP-2  mRNA  also  are  increased  in  neonatal  rat  liver.  (2)  Insulin  rapidly 
inhibits  IGFBP-1  transcription  and  IGFBP-1  mRNA  in  diabetic  rat  liver.  Similarly,  in  H4-II-E 
rat  hepatoma  cells,  insulin  decreased  IGFBP-1  transcription  within  20  min.  This  is  a  direct  effect 
of  insulin,  and  is  mediated  by  the  insulin  receptor.  The  H4-n-E  cell  line  will  be  used  to  identify 
the  insulin  response  elements  in  the  IGFBP-1  promoter.  (3)  IGFBP-6,  one  of  the  predominant 
IGFBPs  in  human  cerebrospinal  fluid,  was  purified  and  shown  to  be  O-glycosylated.  Enzymatic 
,deglycosylation  did  not  alter  its  high,  preferential  affinity  for  IGF-II  versus  IGF-L  The  effect  of 
O-linked  oligosaccharides  on  the  localization  of  IGFBP-6  in  tissues  and  its  biological  activity 
remain  to  be  determined. 

.  .  .  .  M.  M.  Rechler,  L.  A.  Bach,  Y.  Boisclair,  A.  L.  Brown,  G.  T.  Ooi,  D.  S.  Suh, 
L.Y.-H.  Tseng,  Y.  W.-H.  Yang 
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Molecular  and  Cellular  Endocrinology  Branch 
Molecular  Regulation  and  Neuroendocrinology  Section 


iNsmvreANDUJCATTON  NIDDK,  NIH,  Bcthesda,  Maryland  20892 


TOTAL  MAN- YEARS;  2.5 


tftOFESSiaHAL:  2.5 


OTHER:     0 


APPROPRUTE  BOX(ES) 

(a)  Human  subjects 
n      (al)  MinOTS 
□      (a2)  Interviews 


(b)  Human  tissues 


Q 


(c)  Neither 


SUMMARY  Oe  WC»K    (Uu  tUKdari  nmdMead  rypt    Do  net  ac—d  l*>  ^^t  pmidtd.) 

The  human  TSH  beta  gene  is  expressed  only  in  the  thyrotrophs  of  the  anterior  pituitary  where  it  is 
regulated  by  hypothalamic  hOTmones,  cyclic  AMP  as  well  as  thyroid  hormone.  Recent  studies  have 
indicated  that  TRH  and  cyclic  AMP  mediate  their  transcripticHial  action  in  large  pan  through  changes  in 
phosphorylation  of  the  specific  pituitaiy  factor  pit- 1  which  binds  to  a  region  upstream  of  the  start  of 
transcription.  In  contrast,  thyroid  hormone  mediates  its  inhibiticm  through  binding  to  a  regulatory 
element  downstream  of  the  start  of  transcription  in  the  first  untranslated  exon. 

Recent  studies  have  indicated  that  the  thyroid  hormone  receptor  interacts  with  other  factors  in  the 
mediation  of  hormone  action.  Such  faaors  include  the  proto-oncogenes  c-fos  and  c-jun  which  are  the 
heterodimeric  constituents  of  AP-1.  Various  transcriptional  studies  have  indicated  diat  c-fos  augments 
thyroid  hcHntone  induced  inhibition  of  transcription,  whereas  c-jun  blunts  such  effect  Thus,  control  of 
the  relative  cellular  levels  of  these  2  proto-oncc^enes  may  play  a  major  role  in  modulating  ±yroid 
hormone  inhibitory  responses. 

We  have  recently  optimized  a  primary  anterior  pituitary  cell  culture  system  to  reexamine  the  positive  and 
negative  regulation  of  human  "TSH  beta  transcripticm  in  native  diyrotrophs.  Such  cells  show  general 
similarities  but  certain  differences  con5)ared  to  previously  transfected  permanent  cell  Unes  such  as  GH3. 
These  differences  may  be  attributed  to  unique  thyrotrq)ic  transcription  factors  which  are  currently  being 
elucidated. 
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(a)  Human  subjects 
n     (a1)  Minors 
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(b)  Human  tissues 


m 


(c)  Neither 


l^ 


SUMMARY  OF  WORK    (Ut*  tunttvd  unnduotd  tfp«.  Do  not  txcMd  tt»  $p»c»  proi^idKl.) 

We  have  extended  our  studies  designed  to  understand  how  insulin-like  growth  factor 
binding  proteins  GGFBPs)  modulate  the  biological  actions  of  IGF-I  and  IGF-II.  The  IGFs 
occur  in  plasma,  other  extracellular  fluids,  and  tissues  complexed  to  one  or  more  members 
of  the  family  of  6  IGFBPs.  The  IGFBPs  determine  the  bioavailability  of  the  IGFs,  and 
may  inhibit  or  potentiate  their  actions.  A  major  determinant  of  the  biological  activity  of  the 
IGFBPs  is  its  abundance  in  different  tissues,  which  is  determined  in  pan  by  regulation  of 
its  synthesis.  We  have  studied  the  regulation  of  lGFBP-2  transcription  in  rat  liver  by 
fasting,  the  reguladon  of  IGFBP-1  transcription  by  insulin  in  diabetes  and  in  rat  hepatoma 
cells,  and  demcmstrated  that  IGFBP-6  in  human  cerebrospinal  fluid  is  O-glycosylated. 
(1)  IGFBP-2  mRNA  is  increased  in  fasted  rat  liver  (but  not  twain  or  Iddney),  arid  rapidly 
normalized  by  refeeding.  Run-on  transaction  studies  demonstrated  a  ccnresponding 
increase  in  the  initiation  of  transcription  of  the  IGFBP-2  gene.  lGFBP-2  transa.ption  and 
IGFBP-2  mRNA  also  are  increased  in  neonatal  rat  liver.  (2)  Insulin  rapidly  inhibits 
IGFBP- 1  transcription  and  IGFBP-1  mRNA  in  diabetic  lat  liver.  Similarly,  in  H4-n-E  rat 
hepatoma  cells,  insulin  decreased  IGFBP-1  transcription  within  20  ndn.  TTus  is  a  direct 
effect  of  insulin,  and  is  mediated  by  Ae  insulin  receptor.  The  H4-II-E  cell  line  will  be  used 
to  identify  the  insulin  response  elements  in  the  IGFBP-1  promoter.  (3)  IGFBP-6,  one  of 
the  predominant  IGFBPs  in  human  cerebrospinal  fluid,  was  purified  and  shown  to  be  O- 
glycosylatcd.  Enzymatic  dcglycosylation  did  not  alter  its  high,  preferential  affinity  for 
IGF-n  versus  IGF-I.  The  effect  of  O-linked  oligosaccharides  on  the  localization  of 
IGFBP-6  in  tissues  and  its  biological  activity  remain  to  be  determined. 
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OTHER 
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Project  has  been  transferred  to  ZOl-DK  48002  01-DB. 
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SUMMARY  C^  wots    (Vn  ixar^ard  mditad  rypt.   De  met  ac-d  tk,  if^t  pnoidtd.) 

Generalized  resistance  to  thyroid  hormone  (GRTH)  is  an  inherited  disease  linked  to  mutations  in  the  beta 
T3  recepiOT  gene  and  characterized  clinically  by  the  resistance  of  peripheral  and  pituitary  tissues  to  the 
action  of  thyroid  hormone.  Of  the  over  30  different  mutations  identified  in  the  ligand  binding  domain  of 
the  beta  receptor,  several  were  shown  to  inhibit  normal  receptor  function  by  a  doninant  negative 
mechanism  which  is  likely  to  mediate  the  phenotypc  of  this  disease.  Receit  studies  have  indicated  that 
this  dominant  negative  effect  is  most  likely  mediated  by  ccwi^titon  of  mutant  and  nOTmal  receptor  for 
binding  to  T3  response  elements  within  various  thyroid  hormone  responsive  genes. 

We  have  also  recently  investigated  whether  the  heterogeneous  phenotypic  features  tiiai  occur  within  and 
among  kindreds  might  be  due  to  differential  expression  of  mutant  vs.  normal  receptors  in  various 
tissues.  Using  an  allele-specific  primer  extension  method,  we  have  determined  that  in  certain  patients 
there  is  a  great  excess  of  expression  of  the  mutant  messenger  RNA  which  may  correlate  with  mOTe 
severe  tissue  resistance.  The  mechanism  for  suc^  differential  expression  is  currently  being  examined. 

We  have  also  investigated  tfie  relationship  between  GRTH  and  attention  deficit  hyperactivity  disorder. 
We  studied  a  large  population  of  weU  characterized  patients  consisting  of  49  affected  and  55  unaffected 
family  members  comprising  a  total  of  52  adults  and  52  childreiL  Attention  deficit  hyperactivity  disorder 
was  found  in  70%  of  affected  children  conppared  to  20%  erf  unaffected  family  members.  In  addition, 
thyroid  hormone  therapy  appeared  to  ameliorate  the  hyperactivity  symptoms  in  certain  patients.  Certain 
of  the  patients  with  the  hyperactivity  disorder  were  also  studied  by  positron  emission  ton»graphy.  Of 
the  60  regions  measured  by  positron  emission  totnography,  glucose  metabolic  rates  were  significantly 
decreased  in  the  superior  right  parietal  lobes  and  increased  in  the  mid-occipital  lobes,  suggesting  that 
such  changes  in  glucose  metabolism  may  be  related  to  abnormalities  of  sustained  attention. 

These  data  demonstrate  that  an  attention  deficit  hyperactivity  disorder  is  strongly  and  specifically 
associated  with  generalized  resistance  to  thyroid  hormone.  This  is  the  fjst  defined  molecular  model  of 
hyperactivity  and  may  provide  new  insights  into  the  basic  pathogenesis  of  this  diswder. 
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ANNUAL  REPORT 

THE  LABORATORY  OF  MOLECULAR  AND  CELLULAR  BIOLOGY 

NATIONAL  INSTITUTE  OP  DIABETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 

Th«  LMCB  comprises  ssversl  divers*  groups  studying  s  coonon  theme  of  gene 
regulation  in  mamnalian  cells  and  their  function  in  the  pathophysiology  of 
various  disease  states.   The  Molecular  Biology  Section  led  by  Dr.  Carter, 
studies  gene  regulation  in  naosnalian  cell  systems  and  is  particularly 
interested  in  developing  efficient  vector  systems  for  delivery  of  genes  into 
cells.   The  Cell  Growth  and  Differentiation  Section  led  by  Dr.  Oca,  is 
generally  interested  in  the  endocrine  control  of  differentiation  of  the  mouse 
mammary  gland  and  has  focused  on  physiological  effects  of  BGF  and  the 
molecular  biology  of  various  genes  which  are  important  in  this  process.   The 
Steroid  Hormones  Section  led  by  Dr.  Simons  studies  the  siechanism  of  regulation 
of  genes  via  steroid  hormones  and  steroid  receptors  using  techniques  of 
chemistry  and  molecular  biology.   Finally  a  fourth  project  led  by  Dr.  Tietze 
and  conducted  in  collaboration  with  workers  in  NICHD  is  aimed  at  understanding 
the  molecular  basis  of  several  human  genetic  defects  which  result  in  lysosomal 
storage  diseases. 

Research  performed  in  LMCB  has  been  recognized  by  various  honors,  awards 
and  grants  to  individual  members.   B.  Carter  has  a  substantial  three  year 
research  grant  from  the  Cystic  Fibrosis  Foundation  for  gene  therapy  of  cystic 
fibrosis.   T.  Flotte  was  awarded  a  Leroy  Matthews  Physician  Scientist  Award 
from  the  Cystic  Fibrosis  Foundation  to  work  in  the  Molecular  Biology  Section. 
C.  Collier  was  awarded  a  PRAT  Fellowship  to  work  in  the  Steroid  Hormones 
Section. 

B.  Carter  was  an  Invited  Symposium  Speaker  at  the  5th  Annual  North 
American  Cystic  Fibrosis  Conference  (Dallas,  TX  October  1991)  and  chaired  a 
Workshop  Session  on  Gene  Therapy  at  the  same  meeting.   B.  Carter  wasl  also  a 
speaker  at  the  CF  Gene  Therapy  Meeting  (November  1991),  a  Session  Chairman  at 
the  NIH/NHLBI  Meeting  on  Gene  Therapy  (Bethesda,  MD  December  1991),  and  an 
Invited  Speaker  at  the  NCI  Gene  Therapy  Program  Meeting  (1992)  and  the 
Hemophilia  Society  Gene  Therapy  Meeting  (1992). 

T.  Flotte  was  an  Invited  Speaker  at  the  Williamsburg  Cystic  Fibrosis 
Conference  (1992)  and  the  Sixth  Annual  North  American  Cystic  Fibrosis 
Conference  (October  1992). 

S.  Simons  was  an  Invited  Speaker  at  the  Endocrine  Society  Annual  Meeting 
June  1991  (Washington,  DC)  and  the  4th  International  Congress  on  Hormones  in 
Cancer,  September  1991  (Amsterdam,  Holland),  and  chaired  a  Session  on  Receptor 
Biochemistry  at  the  Keystone  Symposium  on  Steroid/Thyroid  Receptors  (Tamarron, 
CO,  February,  1992). 

B.  Carter  continues  to  serve  fourth  terms  as  an  Associate  Editor  of 
Virology  and  on  the  Editorial  Board  of  Journal  of  Viroloov  and  continues  to 
serve  on  the  WHO  International  Committee  for  Nomenclature  of  Viruses,  as 
'Chairman  of  the  NIH  Institutional  BioSafety  Committee  and  as  a  member  of  the 
NIH  Intramural  Scientists  Procurement  Advisory  Committee. 

S.  Simons  continues  to  serve  on  the  Editorial  Board  of  Receptors  and  has 
been  appointed  to  the  Editorial  Board  of  Journal  of  Biological  Chemistry. 
S.  Simons  was  also  elected  President  of  the  NIDDK  Assembly  of  Scientists. 

Several  members  of  the  laboratory  including  T.  Oka,  F.  Tietze  and  S. 
Simons  were  invited  to  write  a  number  of  critical  reviews  in  their  fields. 
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Members  of  the  laboratory  have  maintained  international  collaborations 
with  groups  in  Tokyo  (Japan),  Bet-Dagan  (Israel),  Heidelberg  (Germany),  Tel 
Aviv  (Israel)  and  Basle  (Switzerland)  as  well  as  collaborations  with  U.S. 
laboratories  at  Rutgers  (N.J.),  Toledo  (Ohio),  Ann  Arbor  (Michigan),  U. 
California  (San  Francisco)  and  John's  Hoplcins  Medical  School  (Baltimore),  U. 
Colorado  (Denver). 

Function  of  DNA  Virus  Genomes  in  Animal  Cells 

The  group  led  by  B.  Carter  has  continued  to  amploy  DNA  viruses  as 
molecular  probes  to  study  genome  expression  in  human  cells.   The  structure  and 
function  of  adeno-associated  virus  (AAV)  is  being  studied  intensively.   AAV 
has  also  been  developed  as  a  eukaryotic  expression  vector. 

In  a  newly  developed  project,  sponsored  in  part  by  the  Cystic  Fibrosis 
Foundation,  we  are  attempting  to  develop  vectors  for  possible  gene  therapy  of 
cystic  fibrosis  (CF).   Thus  far  the  CF  defect  has  been  complemented  in  airway 
epithelial  cells  in  vitro  by  introduction  of  an  AAV  vector  containing  the  cDNA 
for  the  CFTR  gene.   These  complementation  studies  have  been  achieved  both  by 
introducing  the  AAV  vector  DNA  via  cationic  liposomes  or  by  infection  with  AAV 
transducing  particles  (i.e.  AAV  particles  containing  the  vector  genome).   The 
latter  procedure  is  remarkably  efficient  and  can  provide  stable  correction  of 
the  CF  defect  in  the  bulk  of  the  cells  in  the  population.   These  studies  show 
that  the  AAV  vector  is  a  strong  possibility  for  a  gene  therapy  for  CF.   Animal 
studies  with  AAV  vectors  are  now  being  initiated  prior  to  proposing  human  gene 
therapy  trials. 

A  complex  system  of  gene  regulation  is  mediated  by  products  of  the  AAV 
rep  gene  which  are  required  for  replication  of  AAV  DNA  and  also  mediate 
transcriptional  activation  and  translational  inhibition  of  some  genes.   Site- 
directed  mutagenesis  is  being  used  to  resolve  the  functions  of  the  rep  gene. 
Coding  of  all  these  functions  in  a  single  gene  appears  to  be  unique  in 
eukaryotic  systems.   A  number  of  very  informative  mutants  of  the  AAV  rep  gene 
were  generated.   Two  alternate  expression  systems  were  developed  (one  using 
baculovirus  vectors  in  insect  cells  and  one  using  a  transfection  system  in 
human  cultured  cells)  which  allows  expression  of  mutant  AAV  rep  proteins  at 
high  efficiency.   This  has  been  used  to  show  that  one  particular  mutant  rep 
protein  (which  has  a  DNA-negative,  trans-dominant  phenotype  in  vivo)  is  also 
trans-dominant  in  vitro.   In  vitro  the  mutant  rep  protein  can  bind  to  the  AAV 
replication  origin  but  cannot  perform  terminal  resolution  (the  first  step  in 
AAV  DNA  replication).   Further  the  mutant  rep  protein  blocks  in  vitro  terminal 
resolution  by  the  wild  type  rep  protein. 

A  third  project  is  analysing  the  interaction  between  AAV  and  HIV. 
Current  work  suggests  that  production  of  vaccines  or  use  of  nucleotide  analog 
therapies  for  AIDS  may  be  limited  and  difficult.   Thus  other  therapeutic 
approaches  are  urgently  required.   Attempts  are  underway  to  develop  a  novel 
approach  by  using  the  negative  regulatory  property  of  a  trans-actino  gene  of 
the  human  parvovirus,  AAV,  to  inhibit  the  function  of  the  trans-acting  gene 
tat,  of  Human  Immunodeficiency  Virus  (HIV).  We  have  shown  in  transfection 
assays  that  the  AAV  rep  protein  can  be  engineered  to  be  a  powerful  inhibitor 
of  growth  of  infectious  HIV.   He  are  now  analysing  the  precise  mechanism  of 
'this  effect  and  attempting  to  develop  delivery  systems  to  Introduce  Rep  into 
HIV  infected  cells  such  that  it  would  be  used  as  an  anti-viral  therapy  for 
AIDS. 

Hormonal  Regulation  of  Cell  Growth  and  Differentiation. 

T.  Oka's  group  in  the  Section  of  Cell  Growth  and  Differentiation  is 
studying  the  physiological  role  and  molecular  action  of  growth  factors  and 
peptide  and  steroid  hormones  such  as  insulin,  glucocorticoid  and  prolation  on 
cell  growth  and  differentiation  using  mammary  gland  as  a  model. 
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A  mouse  model  system  for  liver  regeneration  was  established  and  used  to 
show  that  EGF  plays  a  significant  role  in  the  stimulation  of  liver 
regeneration.   Further  studies  revealed  that  BGF  receptor  gene  expression 
increased  rapidly  as  a  result  of  increased  transcription  and  this  increase  was 
blocked  by  treatment  with  inhibitors  of  protein  synthesis.   In  sham  operated 
mice,  however,  the  drug  caused  a  superinduction  of  the  receptor  mRNA  levels  by 
increasing  the  stability  of  the  mRNA.   These  results  suggest  that 
transcription  induced  by  partial  hepatectooy  requires  protein  synthesis  and 
that  labile  proteins  are  involved  in  the  regulation  of  the  stability  of  BGF 
receptor  mRNA. 

The  regulatory  sequence  elements  responsible  for  casein  gene  expression, 
are  being  analysed  by  constructing  casein-CAT  chimeric  genes  and  examining 
their  expression  in  transient  assays.   These  experiments  suggest  the  existence 
of  multiple  regulatory  elements  in  the  500  bp  5 '-flanking  region  and 
corresponding  binding  factors  which  are  responsible  for  hormonal  induction. 
One  of  these  DNA  binding  proteins  was  found  specifically  in  the  mammary  gland 
of  pregnant  mice,  and  this  protein  serves  as  a  repressor  that  oiediates  that 
inhibitory  action  of  progesterone  on  beta-casein  gene  transcription. 
Identification  and  isolation  of  other  transcription  factors  for  the  beta- 
casein  gene  is  in  progress. 

A  new  project  has  been  established  to  gain  further  insight  into  the 
molecular  mechanism  of  milk  protein  gene  expression.   The  cONAs  for  the  two 
forms  of  prolactin  receptor  have  been  isolated  and  their  expression  is  being 
examined  in  order  to  gain  insight  into  the  molecular  mechanism  of  prolactin 
action  on  milk  protein  gene  expression. 

Steroid  Hormone  Action 

The  action  of  glucocorticoid  hormones  is  being  studied  by  S.  Simons' 
group  in  the  Steroid  Hormones  Section.   Steroid-induced  gene  transcription 
occurs  after  the  receptor-steroid  complex  binds  to  specific  DNA  sequences.   A 
poorly  understood  step  is  that  of  steroid  binding  to  the  receptor. 

The  rate  determining  step  in  nuclear  binding  for  glucocorticoid  receptors 
is  activation.   Various  analyses  have  given  rise  to  the  tenet  that  half 
saturation  of  the  whole  cell  receptors  by  steroid  should  afford  half  of  the 
maximal  amount  of  activated  complexes,  of  nuclear  bound  complexes,  and  of 
biological  response.   Recent  results  have  questioned  this  model.   The 
objective  of  the  current  studies  to  examine  whether  the  accepted  model  of 
steroid  hormone  action  needs  to  be  modified. 

Simons'  group  previously  showed  that  both  the  concentration  of  the 
agonist  dexamethasone  (Dex)  required  for  half  maximal  induction  (EC^o)  and  the 
percent  agonist  activity  produced  by  the  partial  antagonist  dexamethasone  21- 
mesylate  (Oex-Mes)  were  different  for  tyrosine  aminotransferase  (TAT)  gene 
induction  in  Fu5-5  and  HTC  rat  liver  cells.   Furthermore,  both  activities 
varied  over  several  weeks  in  each  cell  line  in  an  apparent  random  manner. 
This  long  term  variation  can  be  made  to  occur  reproducibly  In  s40  hr  simply  by 
changing  the  cell  density  and/or  amount  of  medium  in  the  tissue  culture 
plates.   A  qualitatively  identical  modulation  was  seen  at  the  level  of  TAT 
mRNA,  but  not  mouse  mammary  tumor  virus  RNA.   These  results  further  indicate 
'that  extra-chromosomal  parameters,  such  as  cell-cell  contact  and/or  a 
diffusible  factor(s),  can  modulate  the  basic  features  of  glucocorticoid 
induction  of  some,  but  not  all,  glucocorticoid  inducible  genes. 

No  cis-acting  sequences,  or  trans-acting  factors  having  the  ability  to 
modulate  the  activity  of  steroid  receptors  had  been  previously  described. 
Transient  transfection  assays  with  hybrid  TAT-chloramphenicol 
acetyltransf erase  (CAT)  genes  were  conducted  in  Fu5-5  cells.   A  21  bp  sequence 
of  the  rat  TAT  gene  which  acts  in  concert  with  a  trans-acting  factor 
identified  by  gel  shift  experiments  was  identified.   This  glucocorticoid 
modulatory  element  (GME),  located  at  -3654  to  -3634  of  the  rat  TAT  gene,  is  an 
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authentic  transcriptional  •lament  in  that  it  conveyed  iti  properties  to 
heterologoua  genes  and  promoters  and  did  not  synergize  with  the  glucocorticoid 
response  element.   The  specificity  and  function  of  this  CME  did  not  correspond 
to  that  of  any  known  cis-acting  transcriptional  elements.   These  data 
establish  a  precedent  for  the  role  of  steroid  modulatory  elements  in  the 
control  of  steroid  regulated  genes. 

The  current  model  of  steroid  hormone  action  has  faithfully  guided 
research  in  this  area  for  many  years.  Nevertheless,  it  now  appears  that 
higher  level,  steroid  and  receptor  independent  components  (e.g.,  the  CME  and 
its  associated  factor)  must  be  included  to  explain  how  the  same  receptor- 
steroid  complex  can  have  quantitatively  different  amounts  of  activity  with 
associated  genes  in  the  same  cell. 

Lysosomal  Transport  and  Storage  Disease 

This  work  is  being  conducted  by  Dr.  Prank  Tietze.   Degradation  of 
cellular  biopolymers  such  as  proteins  and  polysaccharides  takes  place  chiefly 
within  the  lysosome.   The  end-products  of  lysosomal  digestion  of  biopolymers 
are  known  to  exit  the  lysosome  through  the  agency  of  specific  membrane  carrier 
proteins.   Defects  in  these  carrier  proteins  can  result  in  a  number  of 
inherited  stoiage  disorders  which  are  characterized  by  intralysosomal 
entrapment  of  excessive  amounts  of  specific  metabolites  such  as  cystine  or 
sialic  acid.   Unlike  the  plasma  membrane  carrier  proteins,  many  of  which  have 
been  isolated  and/or  sequenced,  nothing  is  known  concerning  the  structure  of 
the  lysosomal  membrane  carriers. 

To  further  characterize  the  substrate  specificity  of  the  lysosomal 
membrane  sialic  acid  carrier  cultured  cells  from  patients  with  sialic  acid 
storage  disease  (Salla  disease)  were  examined  to  determine  if  they  accumulate 
abnormal  quantities  of  free  L-iduronic  acid  in  addition  to  sialic  acid. 

HPLC  analysis  of  protein-free  extracts  from  individuals  with  sialic  acid 
storage  disease  did  not  reveal  the  presence  of  free  L-iduronic  acid  in  excess 
of  the  trace  amounts  seen  in  corresponding  extracts  from  normal  control  cells. 
In  about  half  of  the  samples,  however,  extracts  from  mutant  cells  which  had 
been  incubated  in  the  presence  of  heparin  showed  the  presence  of  elevated 
amounts  of  the  hexuronic  acid. 

Sialic,  D-glucuronic  and  L-iduronic  acids  are  three  common  acidic  sugar 
components  of  oligosaccharides  subject  to  hydrolysis  within  fibroblast 
lysosomes.   Previous  investigations  established  that  the  first  two 
monosaccharides  exit  the  lysosome  via  the  same  carrier,  the  mode  of  iduronate 
transport  was  not  established.   The  inability  to  detect  excess  endogenous 
levels  of  iduronic  acid  in  the  mutant  cells  may  indicate  that  this  sugar 
utilizes  a  separate  carrier  for  lysosomal  transport  or  that  the  defective 
carrier  is  "leaky"  with  respect  to  this  monosaccharide,  whose  accumulation  is 
only  evident  after  exposure  of  the  mutant  cells  to  an  abundant  exogenous 
source  of  the  sugar. 

Summary 

Research  in  LMCB  overall  has  followed  a  common  theme  of  performing  basic 
science  on  gene  expression  and  also  applying  this  is  study  of  disease  states. 
Thus  recent  work  from  this  laboratory  has  identified  the  basic  biochemical 
defect  in  one  genetic  disease  (sialuria)  illuminated  a  possible  role  of  EOF 
deficiency  in  another  disease  (diabetes),  and  is  aimed  at  developing 
therapeutic  approaches  to  an  infectious  disease  (AIDS)  and  a  genetic  disease 
(cystic  fibrosis). 
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vectors  in  order  to  maximize  the  expression  of  foreign  genes  introduced  into 
mammalian  cells  using  this  vector.   We  are  developing  AAV  vectors  that  express  the 
CFTR  gene  as  a  potential  gene  therapy  for  cvstic  fibrosis.   These  vectors  have  been 
shown  to  complement  the  electrophysiological  defect  in  chloride  transport  in  cells 
from  cystic  fibrosis  patients.   We  have  discovered  a  complex  system  of  oene 
regulation  mediated  by  products  of  the  AAV  rep  gene  which  are  required  for 
replication  of  AAV  DNA  but  also  mediates  transcriptional  activation  and 
tranalational  inhibition  of  some  genes.   Site-spccif ic  mutagenesis  is  being  used  to 
resolve  these  functions.   Coding  of  all  these  functions  in  a  single  gene  is  unique 
in  eukaryotic  systems.   Wild  type  and  mutant  AAV  rep  proteins  are  being  expressed 
in  both  bacterial  insect  and  mammalian  cell  expression  systems  for  purification  and 
biochemical  analysis.   Adenovirus  is  the  helper  for  AAV.   This  relationship  is 
being  analyzed.   Both  AAV  and  adenovirus  recombine  with  cellular  DNA.   In  the  case 
of  adenovirus  this  transformation  and  also  inhibits  Adl2  oncogenesis  in  newborn 
animals.   Thus,  AAV  inhibits  tumor  induction.   The  mechanism  of  this  inhibition  of 
tumor  induction  is  being  studied  at  molecular  level  cell  culture.   We  also  are 
analyzing  interactions  of  AAV  with  HIV  as  potential  approach  to  a  novel  therapy  for 
AIDS. 
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expression  can  be  induced  by  prolactin,  olucocorticoid.  and  insulin,  but  is 
inhibited  by  progesterone.   Thus,  the  beta-casein  gene  in  the  mammary  gland 
provides  a  useful  model  for  studying  the  molecular  mechanisms  of  hormonal  control 
of  gene  expression  during  development.   We  have  studies  the  sequence  elements 
responsible  for  beta-casein  gene  expression  by  transfection  of  chimeric  beta-casein 
gene  into  primary  mammary  epithelial  cells.   These  studies  have  showed  that 
approximately  500  base  pairs  of  the  5 '-flanking  secrueny^  of  the  mouse  beta-casein 
is  sufficient  for  tissue-specific  and  hormonally  induced  expression.   More  recently 
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of  progesterone  on  beta-casein  gene  transcription. 
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It  is  now  known  that  the  monomeric  end-products  of  lysosomal  digestion  (e.g.,  amino 
acids,  monosaccharides,  etc.)  transit  the  lysosomal  membrane  to  the  cytoplasm 
through  the  agency  of  specific  porters  or  carriers,  none  of  which  have  to  date  been 
isolated  or  characterized.   In  two  instances,  inherited  defects  in  lysosomal 
carrier  function  are  known  to  result  in  human  disorders  with  severe  clinical 
consequences  viz.,  cystinosis  and  sialic  acid  storage  disease.   These  distict 
disorders  are  characterized,  respectively,  by  abnormal  intra-lysosomal 
accumulations  of  the  amino  acid  cystine  and  of  the  acidic  monosaccharides  sialic 
acid  and  D-glucuronic  acid.   Since  L-iduronic  acid,  •  structural  analog  of  D- 
glucuronic  acid,  is  a  common  component  of  oligosaccharides  known  to  be 
hydrolytically  processed  within  cellular  lysosoroes,  %m  have  examined  cultured  skin 
fibroblasts  from  patients  with  sialic  acid  storage  disease  for  evidence  of  abnormal 
accumulation  of  this  hexuronic  acid.   Such  an  observed  accumulation  could  be 
considered  presumptive  evidence  that  iduronic  and  sialic  acids  share  a  camnon 
lysosomal  membrane  carrier.   HPLC  analysis  of  protein-free  extracts  of  the  two 
variant  human  forms  of  sialic  acid  storaga  disease  (i.e..  Sella  Disease  and 
infantile  sialic  acid  storage  disease)  failed  to  indicate  increased  endogenous 
levels  of  free  L-iduronic  acid  relative  to  extracts  from  normal  cells,  in  contrast 
to  the  gross  elevations  noted  for  sialic  acid.   However,  in  two  instances  mutant 
cells  incubated  in  the  presence  of  heparin,  an  oligosaccharide  rich  in  iduronic 
acid  residues,  where  noted  to  contain  distinctively  elevated  concentrations  of  the 
free  acidic  monosaccharide.   These  observations  are  consistent  with  the  notion  that 
either  iduronate  utilizes  a  distant  membrane  carrier  for  lysosomal  egress  or  that, 
if  a  common  porter  exists  for  sialic  and  L-iduronic  acids,  the  mutant  forms 
chraracteristic  of  the  sialic  acid  storage  diseases  may  be  "leaky"  with  respect  to 
the  latter  sugar,  which  can  accumulate  only  when  the  cells  are  presented  with  an 
excess  exogenous  source  of  the  hexuronic  acid. 
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The  etiologic  agent  of  AIDS  is  the  human  immunodeficiency  virus  (HIV)  which  differs 
from  most  other  human  viral  diseases  in  exhibiting  a  very  prolonged  latent  period, 
but  ultimately  being  lethal  due  to  a  profound  effect  on  the  immune  system.   Several 
trans-acting  HIV  oenes  appear  to  be  crucial  to  HIV  growth  and  infection.   Therefore 
we  are  studying  the  feasibility  of  a  novel  anti-viral  therapy  for  HIV  based  on 
interference  by  another  viral  gene  with  the  trans-acting  regulation  of  HIV.   The 
overall  goal  of  this  proposal  is  to  analyze  interactions  between  trans-acting 
regulatory  genes  of  HIV  and  of  a  human  parvovirus,  adeno-associated  virus.  AAV.   We 
are  analyzing  the  AAV  rep  gene  and  its  interaction  with  the  HIV  tat  gene.   Current 
work  suggests  that  developing  standard  types  of  anti-viral  therapy  such  as  vaccines 
or  nucleotide-analog  drugs  for  HIV  is  difficult  and  other  alternate  possibilities 
for  therapy  must  be  investigated.   One  approach  is  to  intervene  in  the  trans- 
regulation  system  of  HIV  especially  that  mediated  by  the  HIV  tat  gene.   Thus  a 
possible  anti-viral  therapy  for  HIV  is  to  inhibit  the  production  or  the  action  of 
tat.   A  novel  way  to  attempt  this  is  to  employ  a  trans-acting  gene  from  another 
human  virus.   One  such  candidate  is  the  rep  gene  of  the  human  parvovirus  adeno- 
associated  virus  (AAV) .   AAV  does  not  cause  any  human  disease  and  grows  only  in 
cells  also  infected  with  adenov^yuy  or  herpes  viruses.   AAV  inhibits  growth  of  the 
helper  virus  and  may  play  an  important  role  in  limiting  certain  human  viral 
infections.   Also  AAV  can  alter  important  regulatory  controls  in  virus  infected 
cells  or  in  tumor  cells,   fieg  is  a  novel  type  of  traiis-acting  regulatory  gene  which 
exhibits  negative,  translational  regulation  of  many  genes  in  several  cell  types. 
We  are  analyzing  the  AAV  £fi£  gene  and  its  interaction  with  the  HIV  tat  gene.   We 
are  testing  ret-  as  a  potential  trans-acting  heterologous  inhibitor  of  HIV. 
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The  objective  of  this  project  is  to  define  the  initial,  intracellular  events  of 
glucocorticoid  hormone  action  and  steroid  hormone  action  in  general.   The  first 
step  of  steroid  binding  to  the  intracellular  receptor  is  followed  by  activation  of 
the  receptor~steroid  complex  to  a  DNA/nuclear-binding  species  that  then  binds  to 
those  nuclear  acceptor  sites  involved  in  the  regulation  of  transcription  of 
specific  genes.   It  has  long  been  thought  both  that  half  saturation  of  the  whole 
cell  receptors  by  steroid  should  afford  half  of  the  maximal  amount  of  biological 
response  and  that  the  various  induction  parameters  for  each  agonist  and  partial 
antagonist  should  be  invariant.   In  contrast,  our  studies  of  glucocorticoid 
induction  of  tyrosine  aminotransferase  (TAT)  revealed  that  the  concentration  of  a 
glucocorticoid  agonist  required  for  half  maximal  induction  (EC^o)  and  the  amounnt  of 
agonist  activity  produced  by  a  partial  antiglucocorticoid  vrere  not  the  same  for  all 
responsive  genes  within  the  same  cell.   Furthermore,  both  properties  for  TAT 
induction  varied  ovei.'  a  period  of  several  wee)cs.   This  variation  has  now  been 
reproduced  in  S40  hr  simply  by  changing  the  cell  density.   We  are  not  aware  of  any 
previous  report  of  cell  growth  conditions  affecting  either  the  percent  agonist 
activity  of  a  partial  antisterold  or  the  EC^o  of  a  full  agonist.   These  variations 
were  found  to  require  the  presence  of  a  21  bp  sequence  of  the  TAT  gene.   We  call 
this  21  bp  sequence,  which  acts  in  concert  with  a  trans-acting  factor  identified  by 
gel  shift  experiments,  a  glucocorticoid  modulatory  element  (GME).   This  GME,  which 
is  located  at  -3654  to  -3634  of  the  rat  TAT  gene,  is  an  authentic  transcriptional 
element  to  the  extent  that  it  conveyed  its  properties  to  heterologous  genes  and 
promoters.   A  model  incorporating  this  new  element  is  advanced  which  can  explain, 
for  the  first  time,  the  observed  variations  of  TAT  induction.   Future  studies  of 
this  model  should  provide  useful  information  for  understanding  the  control  of 
steroid-regulated  gene  transcription  and  the  control  of  gene  transcription  in 
general. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  ANALYTICAL  CHEMISTRY 
NATIONAL  INSTITUTE  OF  DL\BETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 


The  primary  mission  of  the  Laboratory  of  Analytical  Chemistry  (LAC)  now  focuses  on  the 
provision  of  analytical  services  for  investigators  in  NIDDK  and  elsewhere  at  NTH  and  the 
development  of  improved  analytical  methods.  Many  of  the  analytical  problems  brought  to  LAC 
for  solution  involve  only  application  of  relatively  routine  methods,  while  others  are  of  such 
complexity  that  collaborative  research  efforts  are  needed. 

Included  in  this  repon  for  administrative  convenience  is  the  repon  of  the  Natural  Products 
Section.  This  section  was  abolished  at  the  beginning  of  FY  1992  upon  the  retirement  of  its 
Chief,  Dr.  Arnold  Brossi,  but  several  projects  were  completed  during  the  current  year. 


INSTRUMENTATION  SECTION 

The  instrumental  analysis  capabilities  of  LAC  are  concentrated  mainly  on  nuclear  magnetic 
resonance  (NMR),  mass  spectrometry  (MS)  and  infrared  spectroscopy  (IR).  Several  major  new 
instruments  were  described  in  last  year's  repon.  During  FY  1992  no  major  instruments  were 
acquired,  but  several  upgrades,  as  discussed  below,  have  augmented  the  Laboratory's  spectral 
apparatus. 


Developments  in  Mass  Spectrometry 

During  the  last  two  years  it  has  become  apparent  that  noimally  non-volatile  molecules  of  high 
molecular  weight,  such  as  proteins,  can  be  studied  by  MS  using  recent  developments  in  laser 
desorption  and  electrospray  technology.  During  this  year,  the  potential  mass  range  for  routine 
samples  analyzed  within  the  Laboratory  has  risen  from  1,000  to  50,000  with  the  introduction  of 
these  new  techniques  and  instrumentation.  In  collaboration  with  the  Laboratory  of  Biophysical 
Chemistry,  NHLBI,  an  inter-Institute  macromolecular  structure  determination  center  is  being 
established.  Further  information  on  MS  studies  and  collaborative  research  problems  is  included 
in  the  annual  repon  of  the  Laboratory  of  Bioorganic  Chemistry,  NIDDK.  (Lewis  Pannell) 


Applications  of  NMR  in  Chemical  and  Biochemical  Analvsis 

During  the  last  year  Dr.  Yeh  has  continued  to  engage  in  collaborative  projects  in  which  he  used 
various  NMR  techniques  to  solve  complex  structure  problems.  This  includes  1)  submilligram 
quantities  of  epibatidine,  a  novel  chloropyridyl  azabicycloheptane  with  potent  analgesic  activity 
from  an  Ecuadoran  poison  frog  and  alkaloid  25 IF  from  the  dendrobatid  poison  frog  (T.  Spande 
and  J.  Daly),  2)  microbial  oxidative  metabolites  from  the  action  of  enzymes  in  Beauveria 
sulfurescens  on  the  antimalarial  drug  aneether  (Y.L.  Hu,  H.  Ziffer  and  G.Y.  Li),  3) 
polysaccharides  (P.  Kovac),  4)  colchinoids  (O.  Boye  and  A.  Brossi),  5)  oxohalide  complexes  of 
molybdenum  and  tungsten  with  oxygen  donor  ligands  (F.  Planinic  and  D.  Viki<f-Topid),  and 
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{P  6)  DNA  duplex  containing  a  single  centrally  positioned  covalent  adduct  between  diol  epoxides 
derived  from  polycyclic  aromatic  hydrocarbons  and  the  sxocyclic  amino  group  of  guanosine  or 
adenosine  (D.MJerina  and  J.M.  Sayer). 

Proton  NMR  is  being  used  to  monitor  the  formation  of  positional  isomers  of  nucleosides  by  the 
action  of  die  enzyme  purine  nucleoside  phosphorylase  (PNP),  which  catalyzes  the  cleavage  and 
formation  of  the  glycosidic  bond  of  purine  nucleosides.  The  specificity  of  NMR  permits  the 
observation  of  all  possible  reaction  products  which  are  derived  fh)m  purine  bases  and  a-D-ribo 
(or  deoxyribo)  furanosyl-1 -phosphate.  Preliminary  results  showed  that  human  erythrocytic  PNP 
catalyzes  the  synthesis  of  not  oiily  the  commonly  known  N-9  isomer  but  also  the  N-7  isomer  of 
nucleosides  as  well.  For  this  investigation  a  numucr  of  positional  isomers  of  nucleosides  have 
been  prepared  and  characterized.  Detailed  mechanistic  studies  of  the  formation  of  isomeric 
nucleosides  by  PNP  and  its  possible  biological  implications  are  currently  underway.  (HJ.C.  Ych 
and  G.  Y.  U). 


NATURAL  PRODUCTS  SECTION 

Research  on  colchicine  to  find  medically  useful  tissue-specific  spindle  toxins  has  been  terminated. 
Several  compounds  arc  presently  undergoing  a  secondary  screening.  Radiolabeled  chloroacetates 
of  2-  and  3-demethylthiocolchicine  were  found  to  be  highly  potent  inhibitors  of  tubulin 
polymerization,  and  both  covalently  reacted  with  tubulin.  It  was  shown  that  the  ratio  of 
radiolabeled  P-tubulin  to  that  of  a-tubulin  was  approximately  4:1  with  both  compounds. 

Research  on  phenylcarbamate  analogs  of  physostigmine,  physovenine  and  thiaphysovenine  has 
shown  that  specificity  for  inhibition  of  AChE  and  BChE  largely  depends  on  the  substitution  of 
the  phenyl  group  of  the  carbamate  moiety.  An  X-ray  analysis  of  a  biologically  active  and  an 
inactive  phenylcarbamate  showed  that  the  latter  is  sterically  hindered  and  makes  the  carbamoyl 
group  difficultly  accessible  for  a  trans-carbamoylation  reaction. 
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Ttie  primary  goal  of  this  work  is  to  contribute  to  the  investigation  and  solution  of  basic  medical  problems  by 
the  application  of  chemical,  physical  and  biological  methods.  This  goal  is  being  pursued  by  studies  of  the 
biology  and  biochemistry  of  murine  tumor  cells  with  emphasis  on  cancer  metastasis. 

Studies  were  begun  several  years  ago  to  determine  whether  one  or  more  spec'ific  gene  products  are 
required  to  confer  on  certain  tumor  cells  the  properties  needed  for  cancer  metastasis.  Promising  preliminary 
results  obtained  with  NIH  3T3  cells  transfected  with  one  of  several  oncogenes  were  rep>orted  previously.  This 
work  has  been  suspended  temporarily  because  of  other  priorities. 

Other  lines  of  work  in  tfie  area  of  cancer  metastasis,  such  as  the  interactions  of  tumor  cells  with  basement 
membrane  components  and  other  biological  materials,  the  nLrtrition  of  tumor  cells,  and  the  effects  of  the 
treatment  of  tumor  cells  with  chemicals  and  biologicals  on  metastatic  potencies,  are  also  to  be  resurned  when 
the  priorities  imposed  by  other  responsibilities  permit.  Meanwhile,  several  lines  of  nrxjrine  tumor  cells,  which 
have  been  used  in  the  past  and  which  are  to  be  used  in  the  future,  are  being  maintained  in  mice  and  their 
metastatic  potencies  monitored. 

During  this  period  C.  M.  Folt2  has  been  serving  as  NIDDK  Safety  Officer,  Building  8/8A  Occupant  Emergency 
Coordinator  and  Safety  Officer,  and  as  Building  8/8A  Manager;  much  of  his  wori<  has  been  in  those  areas.    In  ._ 

1988  Dr.  Fott2  initiated  and  developed  a  course  in  Laboratory  Safety  for  Summer  Guest  Workers  at  NIDDK.  With        'f? 
support  from  the  Division  of  Safety  this  course  is  now  offered  campus-wide.  For  the  past  three  years  there  have 
been  400  to  500  registrants  each  year. 


U  S  GOVEIWMEWT  PRIWTING  OFFICE 


OEPARTHENT  OF  HEALTH  AW  HUIUN  SERVICES  •  PUBUC  tCALTM  SSIVCE 
NOTICE   OF   INTRAMURAL   RESEARCH   PROJECT 


PROJECT  NUMBER 

ZOl-DK  58004-25  LAC 


PERKDD  COVERED 

October  1,  1991  through  September  30.  1992 


TITLE  OF  PROJECT      (80  diaracrtrt  or  Itu.  Tifl«  muti  fit  or  or»  l4n«  bctwMn  tfM  border*.) 

Professional  Practices  of  Biomedical  Scientist 


PRINCIPAL  INVESTKiATOfl  (Usi  other  protMSional  p*rsorvn*l  Mow  lh«  Principal  lnvM1)e«Dr.)   (Name,  title,  laboratory,  tnd  irwtiute  afliliaDor^) 


PI: 


Ottiars: 


N.  Feder 


W.W.  Stewart 


Medical  Officer  (Research) 


Research  Physicist 


LAC/NIDDK 


LAC/NIDDK 


COOPERATING  UNITS  (i(  any) 


LAB/BRANckaboratory  of  Analytical  Chemistry 


SECTION  Biophysical  Histology 


INSTITUTE  an; 


nPf^^BBk,  Bethesda,  Maryland  20892 


total  man-years 


PROFESSIONAL:  2 


CHECK  APPROPRIATE  BOX(ES) 

D    (a)  Human  subjects 
□   (a1)  Minors 
D  (a2)  Interviews 


D    (b)  Human  tissues 


B 


(c)  Neither 


SUMMARY  OF  WORK    (Use  sandard  unreduced  type.   Do  not  exceed  the  space  provided  ) 

Studies  have  continued  on  the  professional  practices  of  biomedical  scientists  and  on  the 
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Several  carbamates  of  the  physostigmine  and  thiaphysovenine  series  are  presently 
undergoing  a  secondary  screening  to  measure  half-life  and  toxicity.  Patent  applications  to 
cover  these  compounds  as  anticholinesterase  agents  have  been  filed.  An  X-ray  analysis  of 
a  biologically  active  and  inactive  representative  suggest  that  the  latter  is  sterically  hindered 
and  not  capable  for  trans-carbamoylation  of  the  enzyme. 
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Radiolabeled  chloroacetates  of  2-demethyl-  and  3-demethyl-thiocolchicine  were  found  to 
be  potent  inhibitors  of  tubulin  polymerization.  Both  compounds  formed  covalent  bonds  with 
tubulin,  affording  after  separation  a  ratio  of  4:1  of  radiolabeled  beta-tubulin  to  that  of 

alpha-tubulin. 
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Studies  on  the  benzodiazeoine/GABA  receptor  chloride  channel 
complex 

The  benzodiazepine/GABA  receptor  chloride  channel  complex 
( "supramolecular  complex")  is  an  oligomeric  group  of  proteins 
containing  recognition  sites  for  many  psychopharmacological  agents 
including  benzodiazepines,  fi-carbolines,  and  barbiturates.  The 
proteins  comprising  this  supranolecular  complex  act  in  concert  to 
regulate  the  activity  of  chloride  channels  that  are  controlled 
("gated")  by  gamma- aminobutyric  acid  (GABA),  the  principal 
inhibitory  neurotransmitter  of  the  vertebrate  central  nervous 
system.  Studies  are  in  progress  to  characterize  the  molecular 
aspects  of  this  system,  its  physiological  functions,  and  possible 
role  in  disease. 

Recent  molecular  biological  studies  indicated  the 
supramolecular  complex  required  at  least  three  distinct  but  related 
classes  of  proteins  (termed  alpha,  beta  and  gamma)  to  form  a  fully 
functional  drug  and  ligand-gated  chloride  channel.  The 
establishment  of  a  stable  cell  line  containing  cDNAs  encoding  only 
two  of  these  classes  of  proteins  (alpha,  gamma)  that  expresses 
"Type  I"  benzodiazepine  receptors  indistinguishable  from  the  native 
form  suggests  that  the  GABA^  receptor  complex  may  also  be 
constituted  in  heterodimer  forms.  Nonetheless,  neither  the  number 
nor  arrangement  of  subunits  required  to  constitute  this  ligand- 
gated  ion  channel  are  known.  Current  studies  are  underway  to 
resolve  this  issue  as  well  as  examine  the  potential  for  regulation 
by  (e.g.)  drugs  in  this  stably  transfected  cell  line. 

The  discovery  of  several  high  affinity  ligands  for  the 
"diazepam-insensitive"  isoform  of  benzodiazepine  receptor  should 
enable  us  to  design  novel  agents  with  selectivity  for  these  sites. 
These  studies  should  permit  us  to  perform  molecular  modelling 
studies  of  this  isoform  as  well  as  to  elucidate  potential 
pharmacological  and  physiological  functions.  This  may  be  of 
particular  significance  since  Ro  15-4513  (the  prototypic  ligand  for 
diazepam-insensitive  benzodiazepine  receptors)  can  antagonize  many 
of  the  effects  of  ethanol  in  both  electrophysiological  and 
biochemical  measures  and  has  amethystic  properties  in  vivo. 

Previous  studies  from  this  laboratory  suggest  that  the  GABA^ 
receptor  complex  may  mediate  the  pharmacological  effects  of 
inhalation  agents.  The  demonstration  than  an  inhalation  agent  can 
produce  anesthesia  in  a  stereospecific  manner  iu  vivo  is  consistent 
with  a  protein  rather  than  lipid  target  of  anesthesia,  and  permits 
further  study  of  the  locus  of  action  of  these  agents. 

Studies  on  glycine  and  glutamate  coupled  cation  channels 

We  previously  demonstrated  that  functional  antagonists  at  the 
N-methyl-D-aspartate  (NMDA)  receptor  complex  exhibit  antidepressant 
actions  in  animal  models.  The  high  affinity  glycine  partial 
agonist,  1-aminocyclopropanecarboxylic  acid  (ACPC)  was  as 
efficacious  as  the  prototypic  antidepressant,  imipramine,  in  these 
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measures.  This  is  of  particular  importance  since  ACPC  is  orally 
active,  has  a  long  duration  of  action,  and  does  not  appear  to 
produce  the  adverse  behavioral  effects  associated  with  competitive 
NMDA  antagonists  or  use-dependent  channel  blockers.  The  development 
of  a  simple  HPLC  analytical  method  to  measure  this  material  in 
biological  fluids  indicates  that  both  plasma  and  brain 
concentrations  of  this  compound  are  consistent  with  pharmacological 
actions  in  behavioral  measures.  Moreover,  the  demonstration  that 
chronic  administration  of  both  ACPC  and  MK-801  produce  a 
downregulation  of  B-adrenoceptors  comparable  to  imipramine 
indicates  that  glutamatergic  pathways  may  be  a  common  pathway  of 
antidepressant  drug  action.  This  hypothesis  is  currently  under 
investigation.  The  finding  that  chronic  treatment  with  ACPC  results 
in  a  desensitization  of  the  NMDA  receptor  complex  led  to  the 
demonstration  that  this  regimen  effectively  reduced  the  mortality 
and  improved  the  neurological  status  of  animals  subjected  to  severe 
forebrain  ischemia.  The  feasibility  of  applying  this  regimen  to 
other  neuropathologies  associated  with  excessive  activation  of  the 
NMDA  receptor  complex  is  currently  under  investigation. 

The  snail  toxin  Conantokin-G  was  shown  to  act  as  an  NMDA 
antagonist  through  a  specific,  noncompetitive  inhibition  of 
polyamine  responses.  However,  this  peptide  appears  to  act  at  a 
previously  undescribed  locus  on  the  NMDA  receptor  complex.  Studies 
are  currently  underway  to  modify  this  peptide  in  order  to  determine 
the  minimum  size  and  sequence  required  to  produce  this  action.  This 
and  related  peptides  should  be  valuable  tools  in  examining  the 
physiological  importance  of  polyamines  and  their  recognition  sites 
in  the  operation  of  this  ligand-gated  cation  channel. 

Studies  on  neural-immune  interactions 

We  previously  demonstrated  that  the  presence  of  the  LP-BM5 
virus  mixture  in  the  central  nervous  system  of  mice  inoculated  with 
this  virus  mixture  as  neonates.  This  virus  mixture  produces  a 
profound  immunosuppression  and  has  been  proposed  as  a  murine  model 
of  AIDS  (MAIDS).  The  demonstration  of  cognitive  (memory  and 
learning)  deficits  in  these  animals  using  a  modified  Morris  water 
maze  indicates  these  mice  may  be  a  useful  non-primate  model  to 
study  the  neuropsychiatric  consequences  of  AIDS.  This  model  may  be 
of  particular  value  since  cognitive  deficits  were  evinced  prior  to 
the  appearance  of  gross  motor  or  other  neurological  deficits. 
Current  studies  are  underway  to  determine  whether  drugs  that 
prevent  or  reduce  viral  invasion  of  the  central  nervous  system  will 
affect  the  cognitive  deficits  produced  by  this  virus  mixture. 

Using  a  simple  and  reliable  method  for  dual-color  analysis  of 
heterogenesis  cell  populations.  It  was  previously  shown  that 
inhibition  of  calcium  influx  into  splenocytes  may  be  an  early  event 
in  immunosuppression  produced  by  both  physiological  (stress)  and 
pharmacological  (opiates)  means.  The  finding  that  pharmacologically 
relevant  concentrations  of  ethanol  and  related  alcohols  effect  a 
similar  reduction  in  mitogen-induced  increases  in  intracellular 
free  calcium  is  consistent  with  the  notion  that  this  phenomenon  may 
be  common  to  immunosuppression  produced  by  diverse  factors. 
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High  affinity,  stereospecif ic  recognition  sites  (receptors)  for 
neurotransmitters,  neuromodulators,  and  many  clinically  useful  drugs 
have  been  identified  in  both  peripheral  tissues  and  the  central 
nervous  system.   The  interaction  of  a  neurotransmitter, 
neuromodulator  or  drug  with  a  specific  recognition  site  initiates  a 
series  of  events  (for  example,  the  opening  of  an  ion  channel  or 
activation  of  an  enzyme)  resulting  in  either  a  physiological  response 
(in  the  case  of  a  neurotransmitter  or  neuromodulator)  or  a 
pharmacological  effect  (in  the  case  of  a  drug).   Furthermore,  the 
presence  of  recognition  sites  for  synthetic  substances  indicates  that 
endogenous  substances  may  also  be  present  which  can  mimic  (or 
antagonize)  the  effects  of  exogenously  applied  (synthetic)  compounds. 
Studies  are  in  progress  to  characterize  "recognition-effector" 
systems  with  special  emphasis  on  ligand  (transmitter) -coated  ion 
channels,  to  link  novel  recognition  sites  to  their  appropriate 
effector  systems,  to  isolate  and  identify  novel  endogenous  ligands  of 
physiological  and  pathophysiological  importance,  to  develop 
appropriate  model  systems  to  examine  these  phenomena,  and  to  relate 
recognition-effector  systems  to  both  physiological  and 
pathophysiological  processes. 
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ANNUAL  REPORT  OF  THE  MOLECULAR  PATHOPHYSIOLOGY  BRANCH 

National  Institute  of  Diabetes  and  Digestive  and  Kidney  Diseases 

The  general  goals  of  the  Branch  are  to  investigate  normal  and 
abnormal  cell  function  at  the  molecular  level  with  emphasis  on 
transmembrane  signalling  by  hormones,  neurotransmitters,  growth 
factors,  and  other  first  messengers  acting  at  the  cell  surface. 
Approaches  used  range  from  molecular  biologic  techniques  to  clinical 
investigation  in  an  effort  to  define  the  pathogenesis  of  diseases 
characterized  by  abnormal  signal  transduction. 

Guanine  nucleotide  binding  proteins  (G-proteins)  as  receptor- 
effector  couplers 

A  family  of  G-proteins  functions  in  transmembrane  signalling  as 
receptor-effector  couplers.  G-proteins  couple  to  a  diverse  array  of 
receptors  including  those  for  polypeptide  hormones,  monoamine 
neurotransmitters,  photons  of  light,  chemical  odorants,  chemotactic 
factors,  and  certain  growth  factors.  Effector  functions  regulated  by  G- 
proteins  include  cAMP  formation,  cGMP  degradation,  phosphoinositide 
breakdown,  and  several  types  of  ion  channel.  Major  areas  of  interest 
concerning  G-proteins  include:  1) definition  of  the  diversity  within 
this  gene  family;  tissue  and  subcellular  distribution;  regulation  of 
gene  expression.  2) definition  of  domains  on  individual  G-protein 
subunits  involved  in  association  of  the  subunits,  attachment  to  cell 
membranes,  interaction  with  receptor  and  effector  domains,  and  possible 
interactions  with  other  regulatory  proteins.  3) definition  of  the  degree 
and  mechanism  of  specificity  for  individual  G-proteins  in  coupling  to 
both  receptors  and  effectors.  4) definition  of  quantitative  and 
qualitative  alterations  in  G-proteins  that  result  in  altered  signal 
transduction.  Significant  recent  progress  has  been  made  in  each  of 
these  areas : 

1)  Molecular  basis  for  subunit  association  and  membrane  attachment  of 
GTP-binding  proteins-  G-proteins  are  heterotrimers;  alpha  subunits 
reversibly  associate  with  a  beta/gamma  complex.  The  holoprotein  is 
associated  with  the  cytoplasmic  side  of  the  plasma  membrane,  but  the 
basis  for  membrane  attachment  and  the  domains  responsible  for  subunit 
association  have  not  been  defined.  By  metabolic  labeling  of  transfected 
cells  and  immunoprecipitation  of  expressed  alpha  subunits,  we  can  show 
that  Gi  but  not  Gs-alpha  subunits  undergo  a  specific  fatty  acid 
acylation  (myristoylation) .  Site-directed  mutagenesis  of  the 
myristoylation  site  has  been  performed.  The  mutant  alpha  subunit  fails 
to  be  myristoylated,  and  upon  transfection  in  cos  cells,  remains  in  the 
cytosol,  unlike  the  wild-type  which  is  targeted  to  the  cell  membrane. 
This  highlights  the  critical  role  of  this  covalent  modification  in 
membrane  attachment.  The  myristoylation  defective  Gi  alpha  subunit  has 
now  been  expressed  in  sf9  cells  using  a  baculovirus  vector.  The  mutant 
alpha  subunit,  as  predicted,  was  expressed  solely  in  the  soluble 
fraction,  and  comprised  a  substantial  fraction  (dominant  band  on 
Coomasie  blue-stained  gels)  of  total  cell  protein.  Its  solubility 
permitted  facile  purification  with  a  novel  approach  using  ammonium 
sulfate  precipitation  and  dye-affinity  chromatography.  The  purified 
protein  specifically  bound  guanine  nucleotides,  served  as  a  pertussis 
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toxin  substrate,  and  interacted  with  beta/gamma  (with  lower  affinity  as 
predicted  from  its  lack  of  myristoylation) .  Availability  of  mg 
quantities  of  pure  protein  should  facilitate  structural  and  functional 
studies . 

A  "CAAX"  motif  at  the  carboxy  terminus  of  certain  proteins, 
including  the  G  protein  gamma  subunits,  undergoes  complex  post- 
translational  processing  critical  for  membrane  targeting.  A 
superficially  similar  motif  (CGLF  or  CGLY)  is  found  at  the  carboxy- 
terminus  of  the  pertussis-sensitive  G  protein  alpha  subunics,  and  we 
have  shown  previously  that  this  does  not  undergo  processing, 
presumptively  because  of  the  glycine  residue.  Mutation  of  the  Gil-alpha 
C-terminus  to  CVLS  or  CALL  is  now  shown  to  lead  to  processing  with 
isoprenylation  with  farnesyl  (C15)  or  geranylgeranyl  (C20) 
respectively.  This  emphasizes  the  role  of  the  last  residue  in  defining 
specificity  of  isoprenylation.  Interestingly,  despite  the  increased 
hydrophobicity  associated  with  the  isoprenylation,  neither  form  becomes 
membrane-associated  when  the  C-terminal  mutation  is  added  to  the 
myristoylation-defective  alpha  subunit .  This  points  out  that  lipid 
modification  alone  is  insuf f f icient  for  membrane  targeting  [with  P. 
Backlund,  NIMH] . 

The  basis  for  Gs-alpha  attachment  remains  unclear.  Extensive 
mutagenesis  studies  including  amino  and  carboxy  terminal  as  well  as 
double  deletions  indicate  that  neither  the  extreme  amino-  nor  carboxy- 
termini  are  critical  for  Gs-alpha  localization  to  the  particulate 
fraction  of  transfected  cos  cells.  This  may  reflect  the  role  of 
multiple  domains  in  Gs-alpha  membrane  attachment.  Further  mutagenesis 
and  biochemical  studies  are  underway. 

[Drs. Jones,  Juhnn,  Detgarjev,  and  Spiegel,  in  collaboration  with  Dr. 
Backlund] 

2)   Studies  of  the  structure  and  function  of  the  beta/gamma  dimer: 
a)  Characterization  of  gamma  subunit  expression  and  postranslational  processing- 
Previous  work  has  established  the  importance  of  a  C-terminal  "C-A-A-X"  domain 
present  in  gamma  subunits  to  signal  a  complex  trio  of  f)ostranslational  modifications: 
isoprenylation  of  the  cysteine  sulfur,  truncation  of  the  C-terminal  three  amino  acids, 
and  carboxylmethylation  of  the  free  a-carboxylic  add.  Mutation  of  the  C-A-A-X 
cysteine  to  serine  in  yi  p>ermitted  association  and  coexpression  with  the  P  subimit,  but 
blocked  membrane  attachment  of  the  Py  complex.  Analysis  of  the  [^HJisoprenoids 
released  by  methyl-iodide  cleavage  from  recombinant  yl,  72  and  73  subunits  expressed 
in  [3H]mevalonic  add  labeled  COS  cells  reveals  conugration  on  reverse  phase  HPLC 
with  C15  farnesyl  (yl)  and  C20  geranylgeranyl  (y2  and  73).  This  correlates  with  the 
relatively  soluble  distribution  of  pyi  compared  to  P72  and  pY3  in  hypotonic  cell  lysates 
and  parallels  the  behavior  of  Pyi  in  hypotonic  extracts  of  retinal  rod  outer  segment 
membranes.  This  confirms  the  ability  of  COS  cells  to  differentially  isoprenylate  y 
subunits  and  suggests  the  variable  processing  may  govern  cellular  distribution.  [Drs. 
Simonds  and  Spiegel,  in  collaboration  v^th  Dr.  Backlund] 
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b)  Functional  effects  of  ganuna  mutation  on  Py  targeting  and  function  in  stable 
transfectants-  Because  the  nonisoprenylated  yi  mutant  assembles  with  the  ^  subunit 
but  distributes  to  the  cytosol,  we  hypothesized  that  this  would  impart  a  dominant 
inhibitory  phenotype  in  mutant-bearing  cells  since  both  receptor  and  Ga  are  located 
in  the  membrane.  C6  glioma  cells  were  stably  transfected  with  the  nonisoprenylated  72 
mutant  and  immunoblot  analysis  revealed  that  a  portion  of  endogenous  P  subunits 
were  shifted  to  the  cytosol,  unlike  cells  transfected  with  wild-type  y  or  vector  alone. 
This  demonstrated  that  the  exogenous  mutant  y  was  capable  of  assembling  with  and 
diverting  at  least  a  portion  of  the  endogenous  P  pool  to  the  cytosol.    Preliminary 
functional  studies  of  ^-adrenergic  stimulated  cAMP  formation  in  stable  transfectants 
reveal  a  blunted  response  to  agonist  in  mutant  y-bearing  but  not  control  cells.  [Drs. 
Simonds  and  Spiegel,  with  Dr.  Collins] 

c)  Effector  modulation  by  the  Py  complex:  adenylylcydase  stimulation-  The  cloning 
and  expression  of  multiple  adenylylcydase  subtypes  has  revealed  a  subtype-specific 
modulation  by  Py.  The  endogenous  adenylylcydase  in  COS  cells  exhibits  a  stimulatory 
resjxjnse  to  Py  conditional  on  the  presence  of  activated  Gsa..  Transient  transfection  of 
COS  cells  with  p  and  y  cDNAs  and  subsequent  cholera  toxin  treatment  increases  cAMP 
accumulation  relative  to  vector-transfected  toxin  treated  cells.     Preliminary  results 
suggest  that  the  nonisoprenylated  yz  mutant  fails  to  demonstrate  this  effect.  [Dr. 
Simonds] 

d)  Mutagenesis  of  the  P  subunit.  The  amino  terminus  of  the  P  subunit  is  predicted  by 

computer  algorithms  to  form  an  a-helix  and  to  favor  formation  of  a  coiled-coil 

interaction.   Unlike  wild-type  P,  which  requires  cotransfection  with  y  for  expression, 

an  amino-terminal  P  deletant  which  lacks  the  coiled-coil  region  is  well  expressed  in 

the  particulate  cell  fraction  with  or  without  y.  This  deletant  furthermore  fails  to  shift 

to  the  cytosol  when  coexpressed  with  the  nonisoprenylated  yi  mutant,  unlike  the  wild 

type  p.    Whereas  wild-type  squid  P  fail?  to  coexpress  with  mammalian  fi,  a  chimeric 

molecule  containing  -10%  of  the  mammalian  P  sequence  comprising  its  coiled-coil 

domain  and  -90%  squid  P  sequence  demonstrated  fi  interaction.  These  results  led  to 

the  recognition  of  a  coiled-coil  domain  in  the  y  subimit  and  generation  of  a  molecular 

model  of  Py  interaction  based  on  a  coiled-coil  interaction  in  which  a  core  hydrophobic 

interaction  is  reinforced  by  flanking  ionic  bonds  between  the  two  a-helices.  [Drs. 
Garritsen  and  Simonds,  in  collaboration  with  Dr.  Van  Galen] 

3)         Altered  G-proteins   as   a   cause  of  altered  signal   transduction-  As 
critical   intermediates   in  the   signal  transduction  pathway,    quantitative 
or  qualitative  alterations   in  G-proteins   could  have   a  major   impact   on 
the   signalling  process.    We  have  generated  mutant   alpha   subunits   for 
several   G  proteins   that    should   lead   to  either   constitutive   activation 
or   dominant    inhibition   of   G  protein    function.    The   mutant   alpha   subunits 
have   been    initially   characterized  after   transient    expression    in   cos 
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cells.  Mutant  Gi2-alpha  cDNAs  have  been  stably  transfected  into  NIH  3T3 
cells.  The  constitutively  active  mutant  causes  increased  cell 
proliferation,  while  the  dominant  inhibitory  mutant  slows 
growth .Comparable  mutants  of  Gil  also  stimulate  cell  proliferation  when 
stably  transfected  in  NIH3T3  cells  but  those  of  Gi3-alpha  do  not.  In 
the  latter  case,  immunolocalization  studies  indicate  that  Gi3  may  be 
preferentially  targeted  to  the  golgi  rather  than  plasma  membrane.  This 
raises  interesting  questions  regarding  differential  distribution  and 
function  of  specific  G  protein  subtypes.  [Drs.  Hermouet,  Merendino,  and 
Spiegel] 

4)    Specificity  of  G  protein  receptor-effector  coupling-  We  have  made 
specific  peptide  antibodies  against  G  protein  alpha  subunits.  Antisera 
raised  against  the  carboxy-termini  of  alpha  subunits  are  capable  of 
uncoupling  receptor  from  G  protein  in  native  membranes,  and  can  be  used 
to  define  the  specificity  of  coupling.  In  the  insulin-secreting  RIN 
cell  line,  a  Gil/Gi2-alpha-specif ic  antibody  sleectively  blocks 
coupling  to  the  galanin  receptor  that  mediates  inhibition  of  insulin 
secretion  [with  G.  Sharp,  Cornell].  Studies  in  Hela  cells  transfected 
with  the  serototonin  5HT1A  receptor  subtype  show  that  an  antibody 
against  the  Gi3-alpha  protein  uncouples  the  transfected  receptor  from 
both  pertussis  toxin  sensitive  effector  pathways  in  these  cells 
(inhibition  of  adenylyl  cyclase  and  stimulation  of  phospholipase  C) .  ,. 
This  provides  evidence  that  a  single  G  protein  can  couple  to  dual 
effectors  {with  R.  Lefkowitz,  Duke] .  The  Gs-alpha  specific  antibody  was 
used  to  show  that  this  protein  interacts  directly  with  the  skeletal 
muscle  calcium  channel  [with  L.  Birnbaumer,  Baylor],  and  that  TSH 
stimulates  proliferation  of  a  cultured  rat  thyroid  cell  line  through 
the  Gs  protein  [with  J.  Feramisco,  UCSD] .  In  collaboration  with  the 
latter  group,  affinity  purified  antibodies  have  been  microin jected  into 
living  cells  to  permit  direct  demonstration  of  the  role  of  specific  G 
protein  alpha  subunits  in  key  signal  transduction  responses.  The  Gi2- 
specific  antibody,  for  example,  blocked  mitogenesis  in  response  to 
serum  factors  in  Swiss  3T3  cells,  whereas  the  Gq  antibody  (specific  for 
a  novel  class  of  pertussis  toxin-insensitive  G  proteins  linked  to 
phospholipase  C  stimulation)  blocks  increases  in  intracellular  calcium 
and  mitogenesis  in  response  to  bradykinin.  [Drs.  Shenker,  Goldsmith, 
and  Spiegel,  in  collaboration  with  Dr.  Unson] 

Pseudohypoparathyroidism  (PHP) 

PHP  is  a  genetic  disorder  in  which  resistance  to  parathyroid 
hormone  (PTH)  may  be  associated  with  somatic  abnormalities  collectively 
termed  Albright's  hereditary  osteodystrophy  (AHO) .  We  have  previously 
shown  that  subjects  with  this  form  of  PHP  are  resistant  to  multiple 
hormones  that  act  by  stimulating  cAMP  formation,   that  an  approximate 
50%  reduction  in  activity  of  the  G-protein  (Gs)  that  couples  receptors 
to  stimulation  of  adenylyl  cyclase  is  present  in  all  tissues  from 
affected  subjects,  and  that  subjects  with  PHP  show  reduction  in  steady 
state  mRNA  for  the  Gs-alpha  subunit .  We  have  now  succeeded  in  defining 
the  genetic  abnormality  responsible  for  Gs  deficiency.  Using  the 
polymerase  chain  reaction  to  amplify  genomic  fragments  encompassing 
each  exon  of  the  Gs-alpha  gene,  and  comparing  such  fragments  from 
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normal  and  affected  subjects  on  denaturing  gradient  gel 
electrophoresis,  we  were  able  to  identify  fragments  with  abnormal 
mobility.  By  direct  DNA  sequencing  such  fragments  contained  mutations 
that  would  explain  reduction  in  mRNA  in  affected  subjects.  This  work 
indicates  that  mutations  in  a  G  protein  gene  can  lead  to  clinically 
significant  disease.  [Drs.  Weinstein,  Friedman  and  Spiegel,  in 
collaboration  with  Dr.  Gejman] 

McCune-Albright  syndrome  (MAS) 

MAS  is  a  non-genetic  disorder  in  which  affected  subjects  show  a 
variety  of  seemingly  unrelated  abnormailities  including  polyostotic 
fibrous  dysplasia,  pigmented  skin  lesions  (caf e-au-lait  spots),  and 
autonomous  hyperfunction  of  various  endocrine  organs  including  gonads, 
anterior  pituitary,  thyroid,  and  adrenal  cortex.  The  endocrine 
abnormalities  lead  to  precocious  puberty,  gigantism,  hyperthyroidism, 
and  hypercortisolism.  The  cause  of  this  sporadic  disorder  has  been 
completely  enigmatic,  but  speculations  have  centered  on  a  defect  in 
signal  transduction  leading  to  endocrine  hyperfunction.  The 
distribution  of  skin  lesions  has  also  suggested  the  possibility  of  a 
somatic  mutation  acquired  early  in  embryogenesis  and  affecting  only  a 
subset  of  cells  (mosaicism) .  Since  a  G  protein  mutation  could  plausibly 
explain  the  endocrine  manifestations,  we  searched  for  and  found 
mutations  of  the  Gs-alpha  gene  that  lead  to  constitutive  activation  of 
the  Gs  protein.  These  mutations  were  found  in  a  mosaic  distribution; 
notably,  mutant  gene  was  undetectable  in  normal-appearing  portions  of 
endocrine  glands,  but  was  present  at  heterozygous  levels  in  neoplastic 
portions  of  endocrine  tissue.  Mutant  Gs-alpha  was  also  detected  in 
dysplastic  bone  lesions.  Occurrence  of  mutant  Gs-alpha  in  organs  such 
as  heart  and  liver  suggest  a  possible  role  in  "non-classical" 
manifestations,  including  sudden  death.  Our  studies  suggest  that  MAS  is 
caused  by  a  somatic  mutation  in  the  Gs-alpha  gene  occurring  early  in 
development  and  found  in  a  mosaic  distribution.  [Drs.  Weinstein, 
Shenker  and  Spiegel,  in  collaboration  with  Dr.  Gejman] 

Nephrogenic  diabetes  insipidus  (NDI) 

NDI  is  an  inherited  X-linked  disorder  in  which  affected  subjects 
are  resistant  to  the  actions  of  vasopressin  (AVP)  on  renal  medullary 
cells  responsible  for  water  concentration.  Clinical  manifestations 
include  severe  polydipsia  and  polyuria,  and  resultant  severe 
dehydration  can  lead  to  cerebral  swelling  and  death.  Treatment  with  a 
potent  AVP  analog  (DDAVP),  useful  in  other  forms  of  DI,  is  ineffective 
in  NDI  because  of  end-organ  resistance  to  the  hormone.  The  renal 
actions  of  AVP  are  mediated  through  a  V2  type  receptor  linked  via  the 
Gs  protein  to  stimulation  of  the  2nd  messenger  cAMP .  In  theory,  the 
inherited  gene  defect  could  be  located  anywhere  along  the  signal 
transduction  path,  but  indirect  evidence  suggested  a  likely  receptor 
defect.  The  recent  cloning  of  a  human  V2  receptor  permitted  chromosomal 
localization  studies  which  showed  that  the  receptor  is  localized  to 
Xq28,  the  site  of  the  gene  defect  as  determined  by  family  linkage 
studies.  This  strongly  suggested  but  did  not  prove  that  a  receptor  gene 
mutation  is  the  underlying  defect  in  NDI.  We  have  obtained  genomic  DNA 
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if  samples  on  multiple  families  with  NDI,  and  in  one  family  thus  far  have 
identified  a  mutation  predicted  to  disrupt  formation  of  a  normal  V2 
receptor.  These  findings  have  important  implications  for  our 
understanding  of  the  pathogenesis  of  NDI  and  of  normal  V2  receptor 
structure  and  function,  for  identification  of  affected  subjects  and 
carriers,  and  eventually  for  gene  therapy  of  the  disease.  [Drs. 
Merendino  and  Spiegel,  in  collaboration  with  Drs.  Lolait  and 
Brownstein,  NIMH] . 

Molecular  biologic  studies  on  the  cause  of  parathyroid  neoplasia 

Parathyroid  tumors  (benign  adenomas,  hyperplasia,  and  carcinoma) 
are  presumptively  due  to  acquired  (and  in  some  cases  such  as  multiple 
endocrine  neoplasia  type  I  {MEN  1}  to  inherited)  abnormalities  at  the 
gene  level.  We  are  studying  the  molecular  basis  for  parathyroid 
neoplasia  by  searching  for  mutations,  rearrangements  and/or  deletions 
in  genomic  DNA  from  parathyroid  tumors .  We  have  found  rearrangement  of 
the  parathyroid  hormone  gene  in  only  1  of  43  parathyroid  adenomas,  but 
this  gene  abnormality  may  be  pathogenetically  relevant.  In  contrast, 
point  mutations  in  ras  oncogenes  were  not  found  in  any  parathyroid 
tumors.   In  both  "hyperplastic"  glands  from  subjects  with  MEN  I  and  in 
sporadic  adenomas  loss  of  heterozygosity  for  loci  on  chromosome  llql3 
was  found.   The  data  show  that  tumors  in  MEN  I  are  monoclonal,  and  that 
a  locus  on  llql3  may  encode  a  tumor  "suppressor"  gene.  By  mapping 
deletions  at  llql3  in  parathyroid  tumors,  we  are  attempting  to  identify 
the  MEN  I  gene. 

Honors  and  Awards : 

Lee  Weinstein  (Senior  Staff  Fellow)  gave  a  lecture  at  the  Annual 
Meeting  of  the  Canadian  Society  for  Clinical  Chemists  in  Toronto,  and 
also  was  invited  to  lecture  and  to  serve  on  the  scientific  committee  at 
the  International  Serono  Symposium:  "Endocrinology  under  35,"  in  Italy. 
Dr.  Weinstein 's  abstract  on  the  McCune-Albright  syndrome  was  selected 
for  oral  presentation  at  a  plenary  session  of  the  Annual  Meeting  of  the 
American  Society  for  Bone  and  Mineral  Research. 

Andrew  ShenJcer  (Senior  Staff  Fellow)  gave  an  oral  presentation  at  a 
plenary  session  of  the  Annual  Meeting  of  the  Society  for  Pediatric 
Research. 

Allen  Spiegel  (Branch  Chief)  was  invited  to  lecture  at  National  and 
International  Meetings  including  the  11th  Joint  Meeting  of  the  British 
Endocrine  Societies,  the  Annual  Meetings  of  the  American 
Gastroenterology  Association  and  the  American  Diabetes  Association,  the 
8th  International  Conference  on  2nd  messengers,  and  the  Serono 
Symposium  on  G  protein-coupled  receptors. 
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Primary  hyperparathyroidism  (HPT),  a  common  endocrine  disorder 
that  can  cause  significant  morbidity,  may  be  due  to  benign 
neoplasia  of  a  single  parathyroid  gland  (adenoma)  or  multiple 
parathyroid  glands  (hyperplasia) ,  and  rarely,  to  malignant 
neoplasia  of  a  parathyroid  gland  (carcinoma) .  The  etiology  of 
parathyroid  neoplasia  has  not  been  defined.  As  with  other  forms 
of  neoplasia,  parathyroid  tumors  are  presumably  due  to  inherited 

(germ-line  mutation)  and/or  acquired  (somatic  mutation)  defects 
in  specific  genes.  Etiologic  genetic  defects  could  include 
inappropriate  expression  of  transforming  "oncogenes"  and/or  loss 
of  expression  of  tumor  "suppressor"  genes.  The  availability  of 
surgically  resected  parathyroid  tumors  from  patients  with 

sporadic  and  hereditary  forms  of  disease  allows  us  to  search  for 
tumor-specific  genetic  abnormalities  that  may  be  involved  in 
development  of  parathyroid  neoplasia. 


I , 

PHS  6040  (Rev    1/84)  e*o*i4.*ii 

418 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NLiWBErl 


ZOl-DK  59001-27  MPB 


PERIOD  COVERED 
October    1,    1991    to   September   30,    1992 


TITLE  OF  PROJECT  (80  cAaiac(«a  or  /MS.  TTOi  must  ttt  on  ont  Urm  MrwMn  tt>»  bOfOtrs  ) 

Guanine  nucleotide  binding  proteins  as  receptor-effector  couplers 


PRINCIPAL  INVESTIGATOR  (Lot  ottmr  pnt—aion*l  panonni  btlow  tfw  Pnnapal  invutogttor )  (Nvrm.  otto,  labormtory.  ana  mtatum  tthkation) 


PI:     A.  Spiegel,  M.D, 
Others:  T.  Jones,  M.D., 


Chief,  MPB,  NIDDK 

Senior  Clinical  Inv. ,  MPB.  NIDDK 


P.  Goldsmith,  Ph.D.,  Res.  Biol.,  MPB,  NIDDK;  M.  Degtjarev,  Visit.  Fell, 


Y.-S.  Juhnn,  M.D, 
J.  Merendino,  M.D. 
S.  Hermouet,  M.D., 
N.  Thambi,  Ph.D. 
A.  Shenker,  M.D., 


Visiting  Fellow,  MPB,  NIDDK 
Med.  Staff  Fellow,  MPB,  NIDDK 
Visiting  Fellow,  MPB,  NIDDK 
Visiting  Fellow,  MPB,  NIDDK 
Senior  Res.  Inv.,  MPB,  NIDDK 


MPB,  NIDDk 


COOPERATING  UNITS  (»  mry) 

C.  Unson,  Rockefeller  Univ.,  N.Y. ;   S.  Gutkind,  NIDR 

P.  Backlund,  NIMH 

J.  Feranisco,  UCSD,  La  Jolla  CA. 


LAB/BRANCH 

Molecular  Pathophysiology  Branch 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Bethesda,  MD  20892 


TOTAL  MAN-YEARS; 
10 


PROFESSIONAL; 


OTHER; 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D  (al)  Minors 
D  (a2)  Interviews 
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SUMMARY  OF  WORK  (Uf  sttnOmrO  uni90uG»<3  typ»  Do  not  tiomti  trm  tpac*  prowtitd ) 

A  family  of  guanine  nucleotide  bindin?  proteins  (G-proteins) 
functions  in  transmembrane  signalling  as  receptor-effector 
couplers.   G-proteins  couple  to  a  diverse  array  of  receptors 
including  those  for  hormones,  neurotransmitters,  light, 
odorants,  and  certain  growth  factors.   Effector  functions 
regulated  (positively  and,  in  some  instances,  negatively)  by  G- 
proteins  include  cAMP  formation,  phosphoinositide  breakdown, 
potassium  and  calcium  channels,  and  cGMP  degradation.   We  have 
used  a  variety  of  techniques  to  study  the  expression, 
distribution,  regulation,  structure  and  function  of  G-proteins. 
Our  studies  highlight  the  diversity  within  the  G-protein  family, 
Using  peptide  specific  antibodies,  we  have  defined  the 
specificity  of  G-proteins  in  coupling  to  receptors  and 
effectors.  We  have  defined  distinct  post-translational  lipid 
modifications  necessary  for  membrane  attachment  of  G  protein 
alpha  and  beta/gamma  subunits.  We  have  created  mutations  in 
alpha  subunits  that  cause  constitutive  activation,  and 
transfected  these  into  cells  to  define  phenotypic  effects  on 
cellular  function.  These  studies  provide  the  basis  for 
understanding  the  role  of  G-proteins  in  normal  signal 
;  transduction  and  for  elucidating  possible  defects  in  G-protein 
'  structure  or  function  as  the  basis  for  abnormal  signal 
;  transduction . 
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In  1942  Albright  and  his  associates  described  the  features  of  a  new 
clinical  syndrome  "pseudohypoparathyroidism"  (PHP) .   Patients  with  this 
disorder  show  characteristic  constitutional  features  (Albright's 
hereditary  osteodystrophy  -  AHO)  and  do  not  respond  to  exogenous 
parathyroid  hormone  (PTH) .   In  PHP,  UcAMP  (urinary  cyclic  AMP)  does  not 
increase  normally  in  response  to  PTH  administration.   This  indicates 
that  there  is  a  defective  hormone  receptor-adenylate  cyclase  complex  in 
this  disorder.   We  have  shown  that  many  patients  with  PHP+AHO  (PHP  la) 
show  an  approximately  50%  reduction  in  activity  of  Gs  (the  stimulatory 
guanine  nucleotide  binding  protein  associated  with  adenylate  cyclase) 
in  membranes  from  multiple  tissues.   Gs  deficiency  presumably  accounts 
for  resistance  to  multiple  hormones  in  such  patients.   Using  cloned 
human  cDNA  probes  for  the  alpha  subunit  of  Gs,  we  have  shown  that 
steady  state  mRNA  levels  from  fibroblasts  of  subjects  with  PHP  la  are 
reduced  by  approximately  50%  compared  with  normals.  We  have  now 
succeeded  in  defining  the  genetic  abnormality  responsible  for  Gs 
deficiency.  Using  the  polymerase  chain  reaction  to  amplify  genomic 
fragments  encompassing  each  exon  of  the  Gs-alpha  gene,  and  comparing 
such  fragments  from  normal  and  affected  subjects  on  denaturing  gradient 
gel  electrophoresis,  we  were  able  to  identify  fragments  with  abnormal 
mobility.  By  direct  DNA  sequencing  such  fragments  contained  mutations 
that  would  explain  reduction  in  mRNA  in  affected  subjects. 
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SUMMARY  OF  WORK  (Usa  Standard  unraducad  typa  Do  not  axeaad  tha  spaca  prwioad ) 

McCune-Albright    syndrome    (MAS)    is    a    non-inherited    disorder    in    which    affected 
subjects    show    a    variety    of   seemingly    unrelated    abnormalities    including    the    classic 
triad    of   polyostotic    fibrous    dysplasia,    pigmented    skin    lesions    (cafe-au-lait    spots),    and 
autonomous    hyperfunction    of    various    endocrine    organs    including    gonads,    anterior 
pituitary,    thyroid,    and    adrenal    cortex.    The    endocrine    abnormalities    lead    to    precocious 
puberty,    gigantism,    hyperthyroidism,    and    hypercortisolism.    The    cause    of    this    sporadic 
disorder  has   been   completely   enigmatic,   but   speculations   have   centered   on   a   defect   in 
signal    transduction    leading    to    endocrine    hyperfunction.    The    distribution    of   skin 
lesions  has   also   suggested   the   possibility   of  a  somatic  mutation   acquired  early   in 
embryogenesis   and   affecting   only   a  subset  of  cells   (mosaicism).   Since   a  G  protein 
mutation    could    plausibly    explain   the    endocrine    manifestations,    we    searched    for   and 
found  mutations  of  the  Gs-alpha  gene  that  lead  to  constitutive  activation  of  the  Gs 
protein.    These   mutations    were   found   in    a   mosaic   distribution;   notably,   mutant   gene 
was    undetectable    in    normal-appearing    portions   of   endocrine    glands,    but    was    present 
at   heterozygous   levels   in   neoplastic   portions   of  endocrine   tissue.   Mutant   Gs-alpha   was 
also   detected   in   dysplastic   bone   lesions.   Occurrence   of  mutant   Gs-alpha  in   organs   such 
as   heart    and    liver   suggest    a   possible   role    in    "non-classical"    manifestations,    including 
sudden  death. Our  studies  suggest  that  MAS  is  caused  by  a  somatic  mutation  in  the  Gs- 
alpha   gene   occurring   early    in    development   and    found    in    a   mosaic    distribution. 
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SUMMARY  OF  WORK  (Uaa  snnivn  unmtiucati  ryp*  Do  nol  (jrcaatf  Oy  tpac*  prmidaa ) 


The  guanine-nucleotide  binding  regulatory  proteins  (G-proteins)  are  aiPiyi 
heterotrimers  which  function  as  transmembrane  signal  transducers  by  coupling 
receptors  for  extracellular  stimuli  to  intracellular  effectors  (enzymes,  ion  channels). 
G-proteins  constitute  a  diverse  family  distinguished  by  specific  receptor  and  effector 
interactions  which  in  turn  are  determined  by  the  structure  of  the  three  constituent 
subunits.  The  a  subunit  binds  guanine  nucleotides  and  has  a  well  established  role  in 
effector  modulation.  The  |3  and  y  subunits  are  tightly  associated  as  a  ^y  complex, 
comprising  a  single  functional  entity  which,  like  the  a  subunit,  is  absolutely  required 
for  G-protein  interaction  with  receptor.  An  effector  modulatory  role  for  the  Py 
complex  is  becoming  increasingly  apparent  in  several  systems.  The  present  research 
emphasizes  the  role  of  the  Py  complex  in  G-protein-mediated  signal  transduction. 
We  have  used  subxmit  specific  peptide  antibodies  to  probe  regions  of  the  Py  complex 
important  for  functional  interaction  with  the  a  subunit  and  to  monitor  expression  of 
recombinant  subunits.  Site-directed  mutagenesis  has  been  used  to  study  the 
assembly,  processing  and  effector  function  of  the  Py  complex  in  both  transient  and 
stable  transfected  cell  systems.  These  studies  may  elucidate  the  contribution  of  the  Py 
subunit  complex  to  the  receptor  and  effector  selectivity  characteristic  of  G-proteins 
and  to  the  adaptive  responses  pursuant  to  agonist  stimulation. 
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Nephrogenic  diabetes  insipidus  (NDI)  is  an  inherited  X-linked 
disorder  in  which  affected  subjects  are  resistant  to  the  actions  of 
vasopressin  (AVP)  on  renal  medullary  cells  responsible  for  water 
concentration.  Clinical  manifestations  include  severe  polydipsia  and 
polyuria,  and  resultant  severe  dehydration  can  lead  to  cerebral 
swelling  and  death.  Treatment  with  a  potent  AVP  analog  (DDAVP) , 
useful  in  other  forms  of  DI,  is  ineffective  in  NDI  because  of  end- 
organ  resistance  to  the  hormone.  The  renal  actions  of  AVP  are 
mediated  through  a  V2  type  receptor  linked  via  the  Gs  protein  to 
stimulation  of  the  2nd  messenger  cAMP .  In  theory,  the  inherited  gene 
defect  could  be  located  anywhere  along  the  signal  transduction  path, 
but  indirect  evidence  suggested  a  likely  receptor  defect.  The  recent 
cloning  of  a  human  V2  receptor  permitted  chromosomal  localization 
studies  which  showed  that  the  receptor  is  localized  to  Xq28,  the 
si-e  of  the  gene  defect  as  determined  by  family  linkage  studies.  ; 
This  strongly  suggested  but  did  not  prove  that  a  receptor  gene  , 
mutation  is  the  underlying  defect  in  NDI.  We  have  obtained  genomic  , 
DNA  samples  on  multiple  families  with  NDI,  and  in  one  family  thus  | 
far  have  identified  a  mutation  predicted  to  disrupt  formation  of  a  : 
normal  V2  receptor.  These  findings  have  important  implications  for  j 
our  understanding  of  the  pathogenesis  of  NDI  and  of  normal  V2  I 
receptor  structure  and  function,  for  identification  of  affected  | 
subjects  and  carriers,  and  eventually  for  gene  therapy  of  the         j 

disease.  ! 
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The  major  research  direction  of  the  Laboratory  is  the  elucidation  of  the  structure  and  function  of 
neurotransmitter  systems  in  the  mammalian  central  nervous  system  (CNS)  and  the  molecular 
mechanism  of  action  of  CNS  active  drugs.  Also  under  investigation  are  the  detailed  interaction,  on  a 
molecular  level,  between  antibodies  and  antigens,  peripheral  signaling  systems  and  the  mechanisms 
through  which  the  immune  and  other  peripheral  systems  are  influenced  by  the  CNS  in  normal  and 
disease  states,  and  the  exploration  of  novel  approaches  to  drugs  to  control  cellular  proliferation  and 
virus  growth.  Organic/medicinal  chemistry  is  the  foundation  of  the  multidisciplinary  approach 
utilized  in  these  studies  which  requires  synthesis  of  novel  agonists,  antagonists,  imaging  agents, 
affinity  ligands  and  other  drugs  for  particular  applications. 

Drug    Design   and   Synthesis   Section 

Present  work  In  the  Drug  Design  and  Synthesis  Section  of  this  Laboratory  is  concerned  with 
rational  design  and  the  synthesis  of  new,  highly  selective  ligands  for  drug  receptors,  using  all  of  the 
contemporary  tools  of  medicinal  chemistry,  including  computer  assisted  molecular  modeling.  Areas 
now  under  intense  investigation  include:  (1)  central  opioid  receptor  subtypes  and  peripheral  opioid 
receptors,  (2)  binding  sites  on  components  of  the  immune  system  which  resemble  central  opioid 
receptor  subtypes,  (3)  the  mechanism  oi  cocaine  and  narcotic  tolerance  and  dependence  (4) 
phencyclidine  (PCP)  recognition  sites,  (5)  sigma,  cannabinoid  (marijuana)  and  central  and 
peripheral  benzodiazepine  receptors  and  (6)  development  of  new  ligands  for  positron  emission 
tomography  (PET)  and  single  photon  emission  computed  tomography  (SPECT)  imaging  of  drug 
receptors  in  the  CNS  of  living  animals  and  conscious  humans.  The  multidisciplinary  nature  of  this 
program  requires  extensive  collaboration  with  other  groups  from  within  and  outside  of  NIH  for  the 
purpose  of  discernment  of  the  structure  and  function  of  these  receptors  and  to  ensure  the  practical 
utility  of  the  discovered  ligands  provided  to  biological  and  biochemical  researchers.  This  Section  is 
involved  in  collaborative  work  with,  among  others,  researchers  at  the  University  of  Alabama,  the 
University  of  Arizona,  the  University  of  Michigan  Medical  School,  the  Medical  College  of  Virginia, 
Meijo  University  in  Japan,  The  University  of  Illinois  Medical  School  in  Peoria,  the  Naval  Research 
Laboratory,  the  Walter  Reed  Army  Institute  of  Research,  the  National  Institute  of  Mental  Health  and  the 
National  Institute  on  Drug  Abuse  (ADAMHA),  the  Nuclear  Medicine  Department  of  the  Warren  Grant 
Magnuson  Clinical  Center  of  NIH,  the  National  Heart,  Lung  and  Blood  Institute  of  NIH,  the  National 
Institute  of  Neurological  Disorders  and  Stroke  of  NIH,  G.  D.  Searle  and  Co.,  Neurogen  Corp.,  and  the 
Laboratory  of  Neuroscience  of  NIDDK. 

Behavioral    Pharmacology    Unit    of   the    Drug    Design    and    Synthesis    Section 

Assesses  pharmacological  agents  designed  to  modify  the  behavioral  effects  of  drugs  of  abuse.  Other 
capabilities  have  been  developed  to  explore  pharmacological  properties  of  CNS-active  drugs,  in  an  effort 
to  have  access  to  rodent  models  to  screen  effects  of  agent  before  testing  in  primates.  The  neuroendocrine 
and  immune  function  in  plasma  of  drug-trained  monkeys  will  be  examined  in  the  future,  and  PET 
scanning  will  be  utilized  before  and  after  exposure  to  drugs  of  abuse  in  order  to  determine  potential 
changes  in  various  neurotransmitter  systems  as  a  consequence  of  prior  drug  exposure.  These  studies  are 
unique  in  that  they  will  investigate  potential  differences  in  animals  working  for  drug,  as  opposed  to 
simple  non-contingent  exposure  to  drug.  Previous  studies  have  linked  susceptibility  to  drug  abuse  with 
individual  differences  in  susceptibility  to  stress  activation  of  the  hypothalamic  pituitary  adrenal  (HPA) 
axis.  The  primary  endogenous  agents  involves  in  the  HPA  axis  are  corticotropin  releasing  hormone 
(CRH),  adrenocorticotropic  hormone  and  Cortisol.  Several  studies  have  been  directed  at  examining  the 
behavioral  specificity  of  the  direct  effects  of  CRH  on  behavior. 

Biomedical    Chemistry    Section 

In  the  Biomedical  Chemistry  Section,  LMC,  interferon-induced  enzymes,  especially  those 
dependent  on  nucleic  acids  for  action,  are  studied  in  order  to  understand  them  as  nucleic  acid  receptor 
systems  as  well  as  to  elucidate  their  fundamental  cellular  role.  In  addition,  this  research  seeks  to 
attempt  to  explore  the  application  of  the  2-5A  system  as  an  approach  to  the  chemotherapy  of  viral  or 
neoplastic  disease.    New  nucleoside  analogues  are  prepared  and  evaluated  for  their  antiviral/antitumor 
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potential.    This  Section  is  involved  in  collaborative  research  with  researchers  in  the  Rega  Institute  in 
\k  Belgium  and  at  the  USUHS. 

Section    on    Carbohydrates 

The  Section  on  Carbohydrates  (SOC),  LMC,  works  on  the  interaction  of  (complex)  carbohydrate 
determinants  with  monoclonal  antibodies  (MAbs).  The  elucidation  of  this  interaction  -  in  great 
molecular  detail  -  is  important  since  it  pertains  to  all  ligand-protein  interactions.  Thus,  drug- 
receptor,  effector-receptor  as  well  as  viral-receptor  interactions  may  be  clarified.  We  are  executing: 

1.  Physico-chemical  studies  on  antibody/antigen  systems. 

2.  The  synthesis  of  ligands  for  affinity  studies. 

3.  The  manipulation  of  immunoglobulin  genes  to  produce  specifically  mutated  genes  expressing  altered 
antibodies. 

4.  The  study  of  immunodeterminants  of  t)acteria  causing  significant  diseases  on  a  global  scale,  so  as  to 
evaluate  procedures  for  vaccine  development. 

The  SOC  has  determined  the  specific  interaction  between  microbial  polysaccharides  such  as  dextran  and 
a  number  of  monoclonal  antibodies  in  the  past.  The  SOC  has  prepared  many  complex  fragments  of  the 
capsular  polysaccharide  of  Shigella  dysenteriae  type  1  by  sophisticated  syntheses,  and  have  mapped  the 
binding  area  of  a  monoclonal  antibody  towards  this  disease-causing  micro-organism.  In  this  manner, 
the  immuno-determinant  of  this  polysaccharide  could  be  defined.  Both  the  variable  region  of  the  heavy 
(VH)  and  the  light  (VL)  chains  have  been  cloned  and  sequenced,  and  they  iiave  been  incorporated  in  a 
bacterial  expression  vector.  The  VH  and  VL  are  linked  by  a  short  DNA  sequence  coding  for  a  fifteen 
amino  acid  peptide  so  that  the  expressed  protein  is  a  covalently  linked  FV.  Expression  is  presently  going 
on  in  E.  Coll.  This  Section  is  involved  in  collaborative  research  with  scientists  at  Columbia  University, 
in  NICHD,  NIH,  and  in  Czechoslovakia. 

The  following  summary  describes  selected  advances  made  by  the  three  Sections  in  the  Laboratory  of 
Medicinal  Chemistry  during   1991-1992. 

DRUG  DESIGN  AND  SYNTHESIS  SECTION 

Opioid    Receptors 

Epimeric  6ri-  and  p-lodo-3.14-dihvdroxv-17-cvcloDroDvlmethvl-4.5fi-epoxvmorphinans  as 
Potential  Ligands  for  Opioid  Receptor  Single  Photon  Emission  Computed  Tomography  fSPECT): 
Synthesis.  Evaluation  and  Radiochemistrv  of  fl^l)6p-lodo-3.14-dihvdroxv-1 7-cyclQpropyl 
methvl-4.5a-epoxvmorphinan  ([12^|loxv)  -  The  epimeric  6-p  and  a-iodo-3,14-dihydroxy-17- 
cyclopropyimethyl-4,5a-epoxymorphinans  (1,  ioxy)  and  (2,  epioxy),  respectively,  were  each 
synthesized  in  5-steps  starting  with  naltrexone.  The  configuration  of  the  6-iodo  group  of  1  was 
unequivocally  determined  to  be  based  on  single  crystal  X-ray  analysis  of  its  precursor  3-acetoxy-6p- 
iodo-14-hydroxy-17-cyclopropylmethyi-4,5a-epoxymorphinan.  Both  1  and  2  as  well  as  their 
corresponding  3-O-acetates  were  found  to  readily  cross  the  blood  brain  barrier  and  completely 
reverse  the  analgesic  effects  of  a  1 0  mg/kg  intraperitoneal  dose  of  morphine  sulfate  as  determined  by 
the  paw  withdrawal  latency  test.  Compounds  1  and  2  were  found  to  bind  with  high  affinity  to  ^,  5  and  k 
receptors  in  vitro.  In  general,  1  and  2  exhibited  higher  iffinity  for  \i  and  k  receptors  than  naltrexone 
while  the  6p-iodo  epimer  1  (ioxy)  was  more  potent  than  its  epimer  2.  In  a  comparison  of  the  6^- 
haiogen  substituent  on  binding  affinity  across  opioid  receptor  subtypes.  It  was  generally  found  that  I  > 
Br  >  F.  Based  on  the  results  of  in  vitro  and  in  vivo  testing,  1  was  selected  as  a  target  for  radk>iodination 
and  evaluation  as  a  potential  single  photon  emission  computed  tomography  (SPECT)  imaging  agent  for 
opioid  receptors.  Carrier-free  [^^^l]1  was  synthesized  in  near  quantitative  yield  by  the  sequence  of 
reaction  of  excess  3-acetoxy-6a-trifluoromethanesulfonyloxy-14-hydroxy-17-cyclopropylmethyl- 
4,5a-epoxymorphinan  with  anhydrous  Na^25|  jp  dry  acetonitrile  for  90  min  at  76  °C  followed  by 
deacetylation  of  the  product  with  1:1  aqueous  ammonia/acetonitrile  at  25  °C.  The  C^Siji  has  potential 
as  an  in  vivo  imaging  agent  for  opioid  receptors. 

Liqand  Binding  Data  for  Subtypes  of  the  Delta  Opioid  Receptor-  Delta  opioid  binding  sites  were 
assayed  using  pH][D-Ala2,D-Leu5]enkephalin  and  rat  brain  membranes  depleted  of  ^i  binding  sites 
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with  the  site-directed  acyiating  agent,  2-(p-ethoxyben2yl)-1 -diethylaminoethyi-5- 
isothiocyanatobenzimidazoie-HCI.  [D-Pen2,D-Pen5lenkephalin  (DPDPE).  [D-Pen2,L-Pen5] 
enkephalin,  [D-Ala2]deitorphin-1  and  (D-Ala2ldeltorphin-11  inhibition  curves  were  characterized 
by  slope  factors  (Hill  coefficients)  less  than  1 .  The  low  slope  factor  of  DPDPE  persisted  in  the  presence 
of  50  nM  5'-guanylyimidodiphosphate  in  the  assay.  Quantitative  analysis  of  (D-Ala2.D- 
LeusJenkephalin,  DPDPE  and  (D-Ala2ldeltorphin-1  binding  surfaces  resolved  two  binding  sites. 
Whereas  ID-Ala2,D-Leu5lenkephalin  had  equal  affinity  for  both  sites,  DPDPE  and  [D- 
Ala2]deltorphin-1  had  high  affinity  for  the  high  capacity  binding  site,  and  low  affinity  for  the  low 
capacity  binding  site.  These  data  support  pharmacological  studies  dennonstrating  6  receptor  subtypes 
which  mediate  antinociception. 

RTI-4614:  A  Hiohlv  Selective  Ugand  and  a  PReurioirrevprsihle  Inhibitor  of  the  u-Ooioid  Receptor 
-  (±)-cis-N-I1-(2-Hydroxy-2-phenylethyl)-3-methyl-4-piperidyl]-N-phenyl  propanamide  HCI 
(RTI-4614)  is  an  analog  of  3-methylfentanyl,  and  is  a  mixture  of  the  4  possible  diasiereomers.  The 
apparent  Ki  values  (nM±SD)  of  RTI-4614  for  mu,  delta,  kappai,  kappa2a  and  kappa2b  binding  sites 
were  0.0055±0.0006,  148±11,  84.9±12.1.  2275±147  and  22.3±2.2  nM,  respectively,  indicating  a 
mu/delta  selectivity  of  about  27,000-fold,  and  a  mu/kappa2b  selectivity  of  about  4000-fold.  In  other 
experiments,  rat  brain  membranes  were  preincubated  with  concentrations  of  RTI-4614,  washed 
extensively  by  centrifugation,  and  wash-resistant  inhibition  measured  using  [^HJDAMGO.  Residual 
drug  in  the  aqueous  phase  of  the  membrane  suspension  was  measured  by  centrifuging  the  membrane 
suspension,  and  assaying  the  supernatant  for  inhibitory  activity.  Receptor  inhibition  was  calculated  as 
wash-resistant  inhibition  minus  supernatant  inhibition.  The  results  demonstrated  an  IC50  for  wash- 
resistant  inhibition  of  18.7  nM,  and  a  maximal  receptor  inhibition  of  about  40%.  Saturation  binding 
studies  using  control  and  RTI-4614-pretreated  membranes  demonstrtated  a  decrease  in  the  Bmax  and 
no  change  in  the  Kd.  Viewed  collectively,  these  data  show  that  RTI-4614  is  a  potent  and  selective  agent 
for  the  u  receptor,  where  it  can  act  as  a  pseudoirreversible  binder.  Future  studies  will  examine  the 
individual  properties  of  its  4  diastereomers. 

Examination  of  the  Possible  Mediation  of  Antineoplastic  Effects  of  Opiates  Through  Inhibition  of 
Tyrosine-specific  Protein  Kinases.  The  possible  mediation  of  opiates  as  antineoplastics  was  examined 
through  the  inhibition  of  tyrosine-specific  protein  kinases.  Representative  examples  of  the  major 
classes  of  opioid  nuclei  included  epoxymorphinans  [(-)-morphine,  (+)-morphine,  codeine  and 
naloxone];  endoetheno-tetrahydrooripavines  [buprenorphine  and  etorphine];  morphinans  [levorphanol 
and  dextrorphan];  a  benzomorphan  {(±)-phenazocine]  as  well  as  the  anilidopiperidine,  fentanyl  and 
the  benzimidazole,  etonitazene.  With  the  exception  of  (±)-phenazocine,  none  of  these  compounds 
significantly  inhibited  the  autophosphorylation  of  EGFR  up  to  concentrations  of  1000  jiM.  (±)- 
Phenazocine  itself  exhibited  marked  inhibition  (IC50  «  12  ^M)  in  the  range  of  the  potent  tyrosine 
kinase  inhibitor  erbstatin  which  was  run  as  a  control  in  these  assays  (IC50  =  5  ^M). 

Drug  Testing  Program  of  the  College  On  Problems  Of  Drug  Dependence.  The  College  (formerly. 
Committee)  on  Problems  of  Drug  Dependence  (CPDD)  and  its  Drug  Evaluation  Committee  (DEC),  have 
for  many  years  been  involved  with  drug  abuse  research  and  the  determination  of  the  physical 
dependence  potential  and  abuse  liability  of  analgesics,  stimulants  and  depressants.  For  example,  potent 
narcotic  antagonists,  prepared  as  precursors  of  potential  imaging  agents  for  SPECT  (Single  Pt>oton 
Emission  Computed  Tomography)  scanning  were  examined  for  their  physical  dependence  potential  and 
abuse  liability,  as  was  LAAM  (levo-alpha-acetylmethadol),  which  is  being  evaluated  as  a  treatment 
modality  for  heroin  addicts.  The  (+)-  and  (-)-isomers  of  N-alkylbenzomorphans  were  also  examined. 
Some  of  the  (•<-)-enantiomers  of  these  compounds  are  among  the  most  potent  a  ligands  known.  A 
considerable  number  of  new  fentanyl  analogues  were  investigated  and  their  antinociceptive  potency  was 
found  to  vary  from  morphine-like  to  many  orders  of  magnitude  more  potent  than  morphine.  The  potent 
fentanyl-like  compounds  appeared  to  have  the  physical  dependence  potential  of  morphine.  Zolpidem 
(N,N,6-trimethyl-2-(4-methylphenyl)imidazo[1.2-a]pyridine-3-acetamide)  tartrate,  a  hypnotic, 
was  among  the  stimulant/depressant-type  of  compounds  evaluated  and  the  work  of  the  DEC  allowed  the 
prediction  that  its  subjective  effects  would  be  similar  to  those  of  pentobarbital.  This  drug  is  marketed 
in  Europe  and  was  recent  reviewed  for  scheduling  in  the  U.S.  Data  provided  by  the  DEC  are  available  for 
scheduling  decisions  by  U.S.  federal  agencies  and  the  Workj  Health  Organization. 
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f  Immunoreaulatorv     Opioids 

Biochemical  and  Functional  Characterization  of  a  Mu  Opioid  Rerppinr  Binding  Site  on  Cslk  nf  tha 
Ipimune  System  -  Opioid  compounds,  such  as  morphine  and  p-endorphin,  are  active  immunoregulatory 
molecules  in  vitro  and  in  vivo.  Many  of  the  effects  of  these  compounds  are  antagonized  by  the  opioid 
antagonist  naloxone,  indicating  that  opioid  receptors  are  present  on  Immune  cells.  In  this  report, 
lymphocyte  ^-opioid  receptors  we 

re  characterized  functionally  and  biochemically  using  the  site-directed  acylating  agent  2-(p- 
ethoxybenzyl)-1-[N,N-diethylamino]-ethyl-5-lsothiocyanato  benzimidazole  (BIT)  and  the  jx- 
selective  opioid  receptor  ligand  [D-Ala2,Me-Phe4,Gly5-ol]-enkephalin  (DAGO).  As  determined  by 
sodium  dodecyl  sulfate  polyacrylamide  gel  electrophoresis,  the  lymphocyte  ^-class  binding  site  has  a 
molecular  weight  of  58  kDa  under  nonreducing  conditions  and  70  kDa  under  reducing  conditions.  By 
comparison,  brain  ^-class  binding  sites  labeled  with  [3|-I]BIT  have  a  molecular  weight  of  54  kDa  under 
nonreducing  conditions.  The  BIT-sensitive  opioid  binding  site  on  lymphocytes  is  selective  for  ^-class 
opioid  ligands  with  noted  exceptions.  In  addition,  the  site  is  saturable  with  between  3,000  and  30,000 
sites/cell.  Furthermore,  the  receptor  is  coupled  to  calcium  uptake  pathways  in  T-lymphocytes,  but  not 
in  B-lymphocytes.  In  biological  assays,  the  ^-selective  opioid  ligands  enhance  mitogen-induced 
lymphocyte  proliferation,  yet  suppress  natural  killer  activity.  Collectively,  the  results  indicate  the 
presence  of  a  functional  ^l-type  opioid  receptor  on  cells  of  the  immune  system  and  further  add  to  the 
concept  of  bidirectional  circuitry  between  the  immune  and  neuroendocrine  systems. 

Studies  Towards   the   Development   of  a   Cocaine   Antagonist 

GBR12909  Antagonizes  the  Ability  of  Cocaine  to  Elevate  Extracellular  Levels  of  Dopamine  •  Rats 
were  administered  various  i.p.  doses  of  the  high  affinity  dopamine  (DA)  reuptake  inhibitor  1-[2- 
[bis(4-fluorophenyl)methoxy]ethyll-4-I3-phenylpropyl]piperazine  (GBR12909).  The  caudate 
nuclei  were  removed  60  min  after  drug  administration  and  stored  at  -70  °C.  Striatal  membranes  were 
prepared  later.  The  results  demonstrated  that  GBR12909  produced  a  dose-dependent  decrease  in  the 
binding  of  (^HJcocaine  or  [3H]GBR12935  to  the  DA  transporter  (ED50  about  10  mg/kg).  Saturation 
binding  studies  with  [3H]GBR12935  showed  that  this  was  due  to  both  an  increase  in  the  Kd.  due  to 
residual  drug,  and  to  a  decrease  in  the  Bmax.  At  a  dose  of  25  mg/kg  i.p.,  GBR12909  produced  a  50% 
decrease  in  the  Bmax,  and  a  3.4-fold  increase  in  the  Kd.  In  the  in  vivo  microdialysis  studies, 
GBR12909  (25  mg/kg  i.p.)  produced  a  modest,  long-lasting  and  stable  elevation  of  extracellular  DA. 
Administration  of  cocaine  through  the  microdialysis  probe  to  rats  pretreated  with  either  saline  or 
GBR  12909  (25  mg/kg  i.p.)  produced  a  dose-dependent  increase  in  extracellular  DA  in  both  groups. 
GBR12909  inhibited  cocaine-induced  increases  in  extracellular  DA  by  about  50%  at  all  doses.  These 
data  collectively  indicate  that  at  a  dose  sufficient  to  decrease  by  50%  the  Bmax  of  [3h]GBR12935 
binding  sites,  GBR12909  antagonizes  the  ability  of  cocaine  to  elevate  extracellular  DA  by  50%. 
Further  studies  will  be  needed  to  evaluate  a  possible  role  for  GBR12909  in  the  medical  treatment  of 
cocaine  addiction. 

Evidence  for  Multiple  raH]GBR12935  Binding  Sites  Associated  with  the  Dopamine  Transporter  in 
Rat  Striatal  Membranes  -  A  number  of  radiolabeled  ligands  (e.g.  [3H]GBR12935.  pHJmazindol, 
pHJCFT  and  [3h]BTCP)  were  used  to  label  the  dopamine  (DA)  transporter,  which  is  implicated  in 
mediating  the  rewarding  effects  of  drugs.  The  main  objective  of  the  present  study  was  to  test  the 
hypothesis  that  there  exist  multiple  transporter  binding  sites  by  conducting  quantitative  binding 
studies  with  each  of  the  pH]ligands  using  the  same  experimental  conditions.  We  report  here  the  results 
obtained  with  [3H]GBR12935  and  pH]mazindol.  Rat  striatal  membranes  were  prepared  by  two 
methods:  (i)  using  caudates  dissected  from  completely  thawed  frozen  rat  brain  and  homogenized  while 
thawed  (membrane  A),  and  (ii)  using  caudates  homogenized  while  frozen  (membrane  B).  Two 
concentrations  of  each  [^Hjligand  was  each  displaced  by  eight  concentrations  of  nonradioactive  drugs: 
GBR12935,  mazindol,  CFT  and  BTCP.  This  was  done  for  three  separate  preparations  of  membrane  A  and 
membrane  B,  generating  216  data  points  per  pHJIigand  and  membrane  type.  Nonlinear  least  squares 
curve  fitting  demonstrated  that  both  the  (3h]GBR12935   and   I^HJmazindol  data  sets  were  best 
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described  by  a  two  site  binding  model.  Although  [3H]mazindoi  site  2  corresponded  to  [3H1GBR12935 
site  1,  (3H]ma2indol  site  1  did  not  correspond  to  [3H]GBR12935  site  2.  Qualitatively  similar  results 
were  obtained  with  membrane  A  and  membrane  B.  Control  studies  demonstrated  that  pHJGBR  12935 
was  not  labeling  either  the  piperazine  acceptor  site  or  the  sigma  binding  site.  Viewed  collectively,  these 
studies  suggest  that  in  addition  to  labeling  a  common  binding  site/state,  [3H1GBR12935  and 
pHJmazindol  each  label  a  distinct  binding  site/state.  Additional  independent  data  will  be  needed  to 
confirm  these  findings. 

PrPliminarv  Evidence  that  GBR12909  is  Less  Effectivp  at  Elevating  Mesolimbic  Dopaminft 
Function  than  Cocaine  -  Administration  of  dopamine  (DA)  uptake  inhibitors  to  rats  stimulates 
locomotor  activity  via  elevation  of  mesolimbic  DA  levels.  In  the  present  study,  rats  received  i.p. 
Injections  of  doses  of  cocaine  (COC,  20  mg/kg).  GBR12909  (GBR.  20  mg/kg).  nomifensine  (NOfy^.  5 
mg/kg).  WIN-065-2  (WIN,  1  mg/kg)  or  saline  (SAL)  which  preliminary  studies  indicated  produce 
the  same  level  of  k>comotor  stimulatton  and  stereotopy.  These  parameters  were  measured  for  30  min. 
At  the  end  of  the  30  min  test  period,  the  subjects  were  sacrificed,  and  the  brains  removed  and  kept 
frozen  at  -70  °C.  The  brains  were  honrrogenized  in  10  ml/gm  wet  weight  ice-cokj  10  ^M  TRIS-HCI.  pH 
7.0.  The  homogenates  were  then  centrifuged  at  30.000  x  g  for  20  min,  and  the  supernatants  kept 
frozen  at  -70  °C.  The  next  day,  aliquots  of  the  supernatants  were  serially  diluted,  and  assayed  for 
inhibition  of  [^HjDA  reuptake  by  a  striatal  synaptosomal  preparation.  Only  supernatant  prepared  from 
GBR-injected  rats  strongly  inhibited  pHjDA  reuptake  (IC50  about  100  p.1).  The  rank-order  of 
potency  was  GBR»NOM>WIN=COC.  The  brain  level  of  GBR  was  calculated  to  be  about  1  ^lM.  Control 
studies  determined  that  brain  supernatant  did  not  metabolize  these  agents.  In  vivo  binding  studies  using 
[^HjBTCP  to  measure  occupancy  of  the  DA  transporter  resulted  in  the  following  rank-order  of 
occupancy:  GBR»NOM>WIN=COC.  Since  COC  produces  the  same  level  of  response  as  does  GBR,  but  at 
lower  receptor  occupancy,  these  data  support  the  hypothesis  that  GBR  is  less  efficacious  than  is  COC  at 
increasing  mesolimbic  DA  function,  and  are  consistent  with  our  previous  finding  that  GBR  attenuates 
the  ability  of  COC  to  elevate  extracellular  levels  of  DA. 

Chronic  Administration  of  GBR129Q9  Partially  Attenuates  Cocaine-Induced  Locomotor  Activity  in 
Rats  -  This  study  examined  the  effect  of  chronic  administration  of  GBR12909  on  cocaine-induced 
locomotor  activity.  Four  groups  of  male  Sprague-Dawley  rats  were  used:  VEH/SAL.  VEH/COC,  GBR/SAL 
and  GBR/COC  (COC=cocaine,  GBR=GBR12909.  VEH=vehicle.  SAL=saline].  Rats  received  daily 
injections  of  GBR  (10  mg/kg  i.p.)  or  vehicle  for  13  days  between  9  and  10  AM.  followed  by 
administration  of  either  COC  (20  mg/kg,  i.p.)  or  SAL  15  min  later.  Baseline  locomotor  activity 
produced  by  administration  of  COC  or  SAL  was  determined  on  day  #-2  (2  days  prior  to  administration 
of  GBR).  Locomotor  activity  was  also  measured  on  day  #4  and  #13  (after  4  and  13  days  of 
administration  of  GBR  or  VEH).  On  day  #3,  the  VEH/COC,  GBR/SAL  and  GBR/COC  groups  showed 
essentially  the  same  locomotor  activity,  which  was  not  significantly  different  from  the  baseline 
measurements.  The  locomotor  activity  present  in  the  GBR/COC  group  was  not  different  from  that  of  the 
VEH/COC  group.  On  day  #13,  however,  the  locomotor  activity  of  the  GBR/COC  group  was  significantly 
reduced  by  43%  relative  to  the  VEH/COC  group.  Intense  stereotypy  was  not  observed  in  any  of  the  4 
groups.  Interestingly,  administration  of  COC  15  min  after  GBR  did  not  produce  any  additional  increase 
in  tocomotor  activity  or  stereotypy.  In  a  related  study,  administration  of  COC  (20  n^g/kg  i.p.)  15  min 
after  administration  of  COC  (20  mg/kg  i.p.)  also  did  not  produce  increased  k>comotor  activity.  These 
data  suggest  that  chronic  treatment  with  GBR  may  act  to  attenuate  the  bcomotor  effects  of  COC.  Future 
studies  will  examine  this  point  using  s.q.  implantation  of  GBR  pellets. 

iSHjCocaine  Labels  a  Binding  Site  Associated  with  the  Serotonin  Transporter  in  Guinea  Pio  Brain: 
Allosteric  Modulation  bv  Paroxetine  -  We  Studied  the  characteristics  of  (^Hjcocaine  binding  to 
membranes  prepared  from  whole  guinea  pig  brain.  Cocaine  binding  was  specific  and  saturable.  A  one- 
site  binding  model  fit  the  data  adequately:  the  Kd  value  of  [^Hjcocaine  was  44  nM  with  a  Bmax  value  of 
280  fmol/mg  protein.  The  rank  order  of  potency  for  the  [^Hjcocaine  binding  site  was  paroxetine  > 
clomipramine  >  (-)-cocaine  >  fluoxetine  >  mazindol  >  desipramine>  GBR12909  >  phencyclidine  > 
benztropine  >  GBR12935  >  (-t-) -cocaine.  The  IC50  values  of  these  drugs  for  inhibition  of  [3H]cocaine 
binding  were   highly  correlated  with   their   IC50  values  for   inhibition  of  [3h]5-HT    uptake    into 
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synaptosomes  prepared  from  whole  guinea  pig  brain.  High  affinity  5-HT  uptake  inhibitors  produced 
L  dose-dependent  wash-resistant  (pseudoirreversible)  inhibition  of  [<^H]cocaine  binding.  The  wash- 
resistant  inhibition  produced  by  paroxetine  was  due  to  an  increase  in  the  Kd  of  pH]cocaine  binding 
sites,  and  was  accompanied  by  an  increase  in  the  dissociation  rate,  consistent  with  an  allosteric 
mechanism.  These  studies  suggest  that,  using  membranes  prepared  from  whole  guinea  pig  brain, 
[^Hjcocaine  labels  a  binding  site  associated  with  serotonin  transporter  and  that  paroxetine  and  cocaine 
bind  to  different  sites  on  the  serotonin  transporter. 

Synthetic    Approaches     to isomeric     lsothiocyanato-N-f1  -f2-benzofb1thlenvhcyclohexyl] 

piperidines.  Potential  Irreversihie  Lioands  for  the  Dopamine  Transporter  •  isomeric  isothiocyanate 
derivatives  of  the  potent  dopamine  reuptake  (DA)  Inhibitor  N-[1-(2-benzo[b]thienyl) 
cyclohexyl]plperidlne  (BTCP,  1)  were  synthesized  as  potential  irreversible  ligands  for  this  site. 
NaN02/CP3C02H  provided  a  mild  procedure  for  mononitration  of  the  benzo[b]thienyl  ring  of  1  as  a 
route  to  arylisothiocyanates.  Novel  methodology,  utilizing  3.3-ethylenedioxypentane-1,5-diol 
dimethanesulfonate  ester  was  developed  for  the  synthesis  of  a  precursor  for  4- 
isothiocyanatopiperidine.  NaBH4  or  LiAIH4  reduction  of  4-[2-(benzo[b]thienyl)-4- 
hydroxycyclohexanone  and  4-[2-(benzo[b]thienyl)]-4-[1-(piperidinyl)]cyclohexanone  oxime  gives 
the  corresponding  cis  diol  and  cis-1,4-diaminocyclohexane  as  the  major  isomers  which  were 
investigated  as  precursors  to  the  cyclohexane  ring  isothiocyanates.  Alternative  routes  to  these 
isothiocyanates  were  compared  and  their  stereochemical  outcome  investigated. 

Phencyclidine     Recognition     Sites 

We  have  studied  the  action  of  phencyclidine  (PCP,  1-(l-phenylcyclohexyl)piperidine)-like  ligands  on 
glutamate  receptors  of  the  N-methyl-D-aspartate  (NMDA)  type.  Phencyclidine  binding  sites  have  been 
implicated  as  allosteric  sites  which  interact  with  glutamate  receptors  of  the  NMDA  type.  Some 
phencyclidine  (PCP)-like  compounds  have  recently  been  reported  to  exert  a  robust  protective  effect 
against  neuronal  degeneration  in  ischemia  models;  evidence  suggests  they  act  as  antagonists  against  the 
depolarizing  action  of  NMDA  in  animal  brain.  Other  sites  for  interaction  with  PCP-like  ligands  in  the 
CNS  have  also  been  found,  including  the  dopamine  uptake  complex. 

The  1-(1-Phenyl-(2-.  3-.  and  4-methylcyclohexyl)piperidines  Revisited:  Synthesis. 
Stereochemistrv.  Absolute  Configuration.  Computer  Assisted  Molecular  Modeling  and  Biological  Effects. 
The  binding  affinities,  in  vivo  activities,  and  absolute  configuration  (where  applicable)  of  the  isomeric 
2-,  3-,  and  4-methyl  substituted  PCP  isomers  were  compared  with  PCP  and  dizocilpine.  The  in  vitro 
affinities  of  the  compounds  were  in  reasonable  accord  with  their  in  vivo  activities.  In  order  to  see 
whether  the  activities  of  these  compounds  could  be  related  to  their  configuration  and  conformation 
(their  shape  in  three-dimensional  space),  we  examined  and  compared  them  using  computer  assisted 
molecular  modeling  (CAMM).  To  rationalize  the  difference  in  the  abilities  of  the  various  conformers  to 
interact  with  the  PCP  pharmacophore,  a  simplifying  assumption  was  made.  The  phenyl  ring  in  PCP- 
like  compounds  was  assumed  to  interact  with  the  binding  site  only  when  It  is  in  the  axial  conformation, 
in  agreement  with  nmr  and  x-ray  crystallography.  We  have  found  that  the  most  potent  compound  in 
our  series,  the  trans  2-methyl  compound,  exists  predominantly  with  the  phenyl  moiety  in  the  axial 
conformation,  by  nmr  O^C  and  iH)  spectroscopic  determinations  as  well  as  by  x-ray  crystallography 
of  the  absolute  configuration  of  the  molecule.  CAMM  calculations  were  in  agreement  with  the 
experimental  data  on  the  trans  2-methyl  compound.  The  minimum  energy  conformer  exists 
predominantly  (>99.9%)  with  the  phenyl  moiety  In  the  axial  conformation.  A  ca.  6  kcal/mole 
difference  In  energy  exists  between  the  phenyl  axial  and  equatorial  conformers  (a  difference  in  1 
kcal/mole  corresponds  to  an  86:14  ratio  of  conformers).  Where  our  conclusions  on  the  relative 
potency  of  a  compound  from  the  CAMM  calculations  were  incorrect,  we  invoked  the  possibility  that  the 
methyl  group  has  intruded  into  'forbidden*  space,  that  area  of  space  needed  by  the  macromolecule  for 
interaction  with  the  ligand,  and  thus  compounds  which  were  expected  to  be  potent  could  not  attain  that 
potency  because  of  steric  overlap.  Our  results  on  these  PCP-like  compounds  have  led  us  to  conclude 
that  CAMM  can  be  useful  for  determining  the  relative  activities  of  new  molecules,  based  on  least 
squares  fit  to  the  pharmacophore  and  calculation  of  the  stability  of  the  minimum  energy  conformer 
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with  the  phenyl  axial  orientation.    The  determination  of  the  spatial  area  required  by  the  macromolecule 
involved  in  binding  would  enable  more  accurate  prediction  of  the  activity  of  new  ligands. 

.gynthPsis  anH  Rinlonical  Evaluatbn  of  Npw  Cnnforrrifltinnaliv  Restricted  PCP  Analogs.  PC P  has  been 
found  to  act  as  a  noncompetitive  antagonist  for  the  NMDA  receptor.  This  receptor  is  involved  in  normal 
neuronal  functions,  as  well  as  in  excitotoxity  and  neurodegenerative  diseases.  In  our  program  for  the 
delination  of  the  structure  and  function  of  the  PCP  binding  site  on  the  NMDA  receptor,  we  have  recently 
concentrated  on  the  synthesis  and  biological  evaluation  of  enantiomeric  methyl  substituted  PCP 
derivatives.  Based  on  the  conformations  and  binding  affinities  of  these  compounds,  we  have  constructed 
a  model  of  the  PCP  binding  site.  More  information  about  the  structural  requirements  of  the  binding  site 
can  be  obtained  from  conformationally  restricted  resticted  analogs  of  PCP.  For  example,  we  see  in  the 
literature  that  methano-  and  ethano-bridged  analogs  of  PCP  show  higher  affinity  for  the  PCP  binding 
site  than  PCP,  while  the  adamantyl  derivative,  which  combines  both  the  Phax  and  Pheq  conformations  of 
the  phenylcyclohexyl  moiety,  was  found  to  be  devoid  of  affinity.  In  contrast,  we  have  replaced  the 
cyclohexane  ring  with  a  bicyclo(3.1.0]hexane  moiety  which  restricts  the  conformational  freedom, 
without  introducing  additional  steric  bulk.  The  affinity  of  these  compounds  for  the  PCP  binding  site  (vs 
pHJTCP)  ranges  between  0.6  and  29  jiM  (PCP  0.065  jiM).  The  low  affinity  can  be  explained  by  the 
preference  for  the  Pheq  conformation  (cis  II),  steric  interaction  of  the  cyclopropane  ring  with  the 
binding  site  (trans  I  and  trans  II)  Trans-I  has  been  shown  to  exist  in  a  pseudo-boat  conformation  (X- 
ray,  courtesy  of  C.  George,  NRL,  Washington,  D.C.),  which  may  not  be  recognized  by  the  PCP  binding 
site.  Furthermore,  I  and  II  can  be  considered  as  substituted  analogs  of  1-(1 -phenyl 
cyclopentyl)piperidine,  which  has  significantly  lower  affinity  than  PCP  for  the  PCP  binding  site. 

Computer-Assisted  Molecular  Modeling  of  the  PCP  Binding  Site  Based  on  Alkvl-Substituted  PCP 
Derivatives.  PCP  can  occur  in  conformations  with  the  phenyl  ring  either  in  axial  (Phax)  or  in 
equatorial  position  (Pheq).  Based  on  structure-activity  and  conformational  studies,  it  can  be  concluded 
that  Phax  is  the  preferred  conformation  under  most  conditions,  and  probably  also  the  receptor-bound 
conformation.  Introduction  of  methyl  groups  in  the  three  rings  of  PCP  affords  a  series  of  compounds 
whose  affinity  for  the  PCP  binding  site  (labeled  by  pH]TCP)  ranges  from  11  to  6800  nM  (PCP  65 
nM,  MK-801  7  nM).  Using  computer-assisted  molecular  modeling,  we  have  studied  the  theoretical 
conformations  of  the  methyl  analogs,  and  compared  them  with  the  preferred  conformation  of  PCP.  The 
methyl  analogs  can  be  divided  into  two  groups,  based  on  the  stability  of  the  Phax  conformation,  relative 
to  PCP.  Using  the  "active  analog  approach",  derivatives,  for  which  the  Phax  was  stabilized  relative  to 
PCP  but  which  showed  lower  affinity  for  the  PCP  binding  site  than  PCP,  were  used  to  describe  the 
receptor-essential  volume  of  the  PCP  binding  site.  Similarly,  data  on  a  series  of  monomethyl 
derivatives  of  the  conformationally  rigid  MK-801  obtained  by  Leeson  et  al.,  were  used.  The  resulting 
receptor-essential  volumes  partly  overlap  and  are  complementary  to  each  other.  Dexoxadrol  and 
etoxadrol  both  show  some  interaction  with  the  receptor-essential  volume,  which  may  explain  their 
tower  affinity  compared  to  PCP. 

Anticonvulsant  Effects  of  Phencvclidine  and  PCP-Like  Drugs  on  Audiogenic  Seizures  Induced  bv 
Metaphit  in  Mice.  (+)-  and  (-)-MK-801  improved  delayed  amnesia,  but  the  effects  of  phencyclidine 
were  weak.  These  NMDA  antagonists  protected  CA1  hippocampal  neurons  from  the  morphological 
changes  (swelling)  induced  by  CO.  Our  preliminary  results  show  that  the  effects  of  NMDA  antagonists 
are  not  related  to  their  actions  on  body  temperature.  On  the  contrary,  (•»-)-MK-801  and  phencyclidine 
potentiated  acute  amnesia,  but  (-)-MK-801  did  not.  It  is  suggested  that  there  is  a  stereoselectivity  in 
the  effects  of  MK-801  on  CO  induced  amnesia,  and  that  CO  induced  delayed  amnesia  can  be  used  as  an 
ischemic  animal  model. 

Effect  of  Metaphit  on  Dopaminergic  Neurotransmission  in  Rat  Striatal  Slices:  Involvement  of  the 
Dopamine  Transporter  and  Voltage-Dependent  Sodium  Channel.  Metaphit,  an  isothiocyanate  analog  of 
phencyclidine  (PCP),  increased  the  basal  release  of  radioactivity  (outflow)  from  perfused  rat  striatal 
slices  preloaded  with  pHJdopamine  above  levels  observed  with  the  dopamine  uptake  blocker 
nomifensin.  Preperfusing  the  slices  with  metaphit,  followed  by  its  removal,  attenuated  the 
amphetamine-  or  dopamine-induced  outflow.  In  slices  prepared  from  reserpine-pretreated  rats,  the 
metaphit  (100  ^M)-induced  outflow  was  reduced  to  that  observed  with  10  ^M  nomifensin,  suggesting  a 
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vesicular  releasing  effect  of  metaphit  in  addition  to  dopamine  uptake  blockade.  Electrically  induced 
overflow  of  radioactivity  from  normal  slices  was  stimulated  by  nomifensin  and  PCP,  and  by  metaphit  at 
3  ^M;  it  was  unaffected  by  metaphit  at  10  and  25  m.M,  and  inhibited  by  higher  concentrations  of 
metaphit.  Evidence  that  the  latter  effect  is  due  to  blockade  of  voltage-dependent  sodium  channels  is  as 
follows.  First,  metaphit,  as  did  PCP,  inhibited  the  binding  of  pHjbatrachotoxinin  A  20-a  benzoate  to 
rat  striatal  synaptoneurosomes  by  increasing  its  dissociation  rate;  the  effect  of  PCP,  but  not  that  of 
metaphit,  was  reversible  by  washing.  Second,  metaphit,  as  did  PCP,  inhibited  veratridine  (5  ^M)- 
induced  influx  of  [^^C]guanidinium  ion  into  synaptoneurosomes.  Third,  metaphit  inhibited  overflow  of 
radioactivity  from  pHJdopamine-preloaded  slices  Induced  by  2.5  ^M  veratridine,  as  did  the  sodium 
channel  blocker  tetrodotoxin. 

ElectroenceDhalQaraDhic  Characteristics  of  Audiogenic  Seizures  Induced  in  Metaphit-Treated  Small 
Rodents.  Adult  male  mice,  rats,  and  guinea  pigs  were  subjected  to  intense  sound  stimulation  of  an 
electric  bell  (100  dB,  12  kHz  for  60  s)  after  a  single  Intraperitoneal  (i.p.)  injection  of  metaphit  (1- 
(1-(3-isothiocyanatophenyl)cyclohexyl)piperidine)  (50  mg/kg).  When  the  animals  were  tested  24  h 
after  administration  of  metaphit,  audiogenic  seizures  were  observed.  None  of  the  control  saline- 
injected  animals  had  convulsions.  EEG  recordings  demonstrated  the  appearance  of  paroxysmal  activity 
and  spike-wave  complexes  in  the  trace  from  cortical  and  hippocampal  electrodes,  with  frequency  and 
amplitude  increasing  with  time.  Behaviorally,  myoclonic  jerks  of  facial  muscles,  ears,  and  neck 
appeared,  but  no  correlation  was  noted  between  EEG  and  the  motor  phenomena.  Auditory  stimulation  was 
necessary  to  elicit  the  full-blown  sequence  of  seizure  responses  consisting  of  wild  running  followed  by 
clonic  and  then  tonic  extension.  At  the  time  of  seizures,  repetitive  high-amplitude  spikes  and  waves 
appeared  in  the  EEG,  followed  by  profound  EEG  and  behavioral  depression.  None  of  the  animals  died 
during  or  immediately  after  seizures.  The  seizure  response  to  sound  stimulation  of  mice,  rats,  and 
guinea  pigs  was  phenomenologically  similar,  with  minor  differences  in  quantitative  pattern  of 
convulsive  components,  which  suggests  that  all  three  animal  species  share  the  common  property  of 
extreme  susceptibility  to  audiogenic  stimulation  caused  by  metaphit  administration. 

Analogues  of  the  Dioxolanes  Dexoxadrol  and  Etoxadro!  as  Potential  Phencvclidine-like  Aoents. 
Synthesis  and  Structure-Activity  Relationships.  A  series  of  dioxolane  analogues  based  on  dexoxadrol 
(4S,6S-2,2-diphenyl-4-(2-piperidyl)-1,3-dioxolane)  and  etoxadrol  (2S.4S.6S-2-ethyl-2- 
phenyl-4-(2-piperidyl)-1,3-dioxolane)  were  prepared  and  tested  for  their  ability  to  displace 
pHjTCP  (1-[1-{2-thienyl)cyclohexyl]piperidine)  from  PCP  (l-phenylcyclohexyl)piperidine) 
binding  sites  in  rat  brain  tissue  homogenates.  Qualitative  structure-activity  relationships  within  this 
series  were  explored  through  modifications  of  the  three  major  structural  units  of  dexoxadrol,  the 
piperidine,  1 ,3-dioxolane  and  aromatic  rings  of  the  molecule.  N-AlkyI  derivatives  of  dexoxadrol  were 
found  to  be  inactive,  as  were  those  analogues  where  the  dioxolane  ring  was  modified.  Phenyl-substituted 
etoxadrol  analogues  were  compared  to  similarly  substituted  PCP  analogues  and  distinct  differences  were 
found  in  their  structure-activity  relationships  suggesting  that  the  aromatic  rings  in  these  two  drug 
classes  interact  differently  with  the  PCP  binding  sites.  The  replacement  of  the  phenyl  ring  in  etoxadrol 
by  either  a  2-  or  3-thienyl  ring  led  to  compounds  with  affinity  comparable  to  etoxadrol,  and  the 
replacement  of  the  ethyl  moiety  on  etoxadrol's  dioxolane  ring  with  propyl  or  Isopropyl  led  to 
compounds  which  were  more  potent  than  etoxadrol  or  PCP.  The  most  potent  compound  was  2S,4S,6S- 
2-ethyl-2(1-chlorophenyl)-4-(2-piperidyl)-1 ,3-dioxolane,  where  a  chlorine  moiety  was  placed 
in  the  ortho  position  in  the  aromatic  ring  of  etoxadrol.  Its  potency  was  comparable  with  TCP  in  vitro. 

Anticonvulsant  Activitv  of  the  Low  Affinity  Uncompetitive  NMDA  Agonist  Racemic  5- 
Aminocarbonyl-1Q.11-dihydro-5H-dibenzofa.d1cyclohepten-5.10-imine  (ADCH:  Comparison  with 
the  Structural  Analogs  Dizocilpine  /MK-8Q1^  and  Carbamazine.  (±)-5-Aminocarbonyl-10,1 1- 
dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine  (ADCI),  a  tricyclic  compound  structurally  related 
to  dizocilpine  (MK-801)  and  carbamazepine,  was  a  potent  anticonvulsant  in  the  mouse  maximal 
electroshock  seizure  test  when  administered  i.p.  (ED50,  8.9  mg/kg)  or  p.o.  (ED50,  23.5  mg/kg),but 
failed  to  cause  motor  impairment  except  at  substantially  higher  doses  (TD50  values,  49.2  mg/kg  i.p. 
and  293  mg/kg  p.o.).  ADCI  was  also  protective  against  chemically  induced  seizures  in  mice,  including 
those  produced  by  4-aminopyridine  (ED50,  7.1  mg/kg  s.c.)  and  pentylenetetrazol  (ED50,  37.4  mg/kg 
s.c).  In  addition,  ADCI  antagonized  the  behavioral  effects  and  lethality  of  s.c.  administered  N-methyl- 
D-aspartate  (NMDA;  ED50,  15.2  mg/kg),  but  was  a  weaker  antagonist  of  kainate-induced  clonic 
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seizures  (ED50,  33.0  mg/kg).  indicating  that  the  drug  is  a  selective  functional  NMDA  antagonist.  In 
common  with  other  NMDA  antagonists,  ADCI  retarded  the  development  of  amygdaloid  kindled  seizures  in 
rats,  but  failed  to  attenuate  the  afterdischarge  duration  in  fully  kindled  animals.  Whole  cell  voltage 
clarnp  recordings  from  cultured  hippocampal  neurons  demonstrated  that  ADCI  selectively  blocks  inward 
current  responses  to  NMDA  in  a  use  dependent  fashion  without  affecting  responses  to  kainate  or 
quisqualate,  indicating  that  ADCI  is  a  selective  open  channel  (uncompetitive)  blocker  of  the  NMDA 
receptor-ionophore  complex.  ADCI  blocked  NMDA-evoked  inward  current  responses  with  a  potency 
(IC50,  14  mM)  similar  to  that  with  which  It  displaces  [3Hl-1-(1-(2-thienyl)cyclohexyl]piperidine 
from  binding  to  NMDA  receptor  channels  in  rat  brain  homogenates  (IC50.  11.3  ^M).  In  contrast, 
dizocilpine  (MK-801)  was  a  high  potency  antagonist  of  NMDA  responses  (ICSO.IO  nM)  whereas 
carbamazepine  only  minimally  affected  NMDA  responses  even  at  high  concentrations  (IC50  >  300  mM). 
We  conclude  that  ADCI  is  a  low-affinity  uncompetitive  NMDA  antagonist  which,  like  other  NMDA 
antagonists,  has  a  broad  spectrum  of  anticonvulsant  activity  in  animal  seizure  models.  However,  in 
contrast  to  conventional  (high  affinity)  NMDA  antagonists  whose  propensity  to  cause  neurotogical  side 
effects  may  limit  their  therapeutic  usefulness.  ADCI  has  a  therapeutic  index  [maximal  electroshock 
ED50/TD50  5.5  (i.p.)  or  12.5  (p.o.)  in  the  mouse)  comparable  to  that  of  the  widely  used  antiepileptic 
drug  carbamazepine. 

MPTP    Lesions    of    the    Niqirostriatal    Dopaminprgin     Projection Decrease     [^]1-[1-(2- 

ThiRnvnCvdnhexvilPiperidine  Binding  to  PCP  Site  2:  Further  Evidence  that  PCP  Site  2  is  Associated 
with  the  Biogenic  Amine  Reuptake  Complex.  Our  previous  studies  have  demonstrated  that,  using 
membranes  of  guinea  pig  brain,  3H]TCP  labels  not  only  the  phencyclidine  binding  site  associated  with 
the  NMDA  receptor  (PCP  site  1),  but  also  a  second  high  affinity  binding  site  which  is  associated  with 
the  biogenic  amine  reuptake  carrier  (termed  PCP  site  2).  To  test  this  hypothesis,  the  binding  of 
[3H]GBR12935  to  the  dopamine  transporter,  and  pHJTCP  binding  to  PCP  sites  1  and  2  were  measured 
in  caudates  harvested  from  control,  MPTP-treated  and  reserpine-treated  dogs.  MPTP  treatment 
decreased  dopamine  levels  by  over  99%,  decreased  [3h]GBR12935  binding  by  over  90%,  decreased 
[3H]TCP  binding  to  PCP  site  2  by  about  50%,  and  had  no  significant  effect  on  pHJTCP  binding  to  PCP 
site  1.  These  data  are  consistent  with  the  hypothesis  that  a  portion  of  PCP  site  2  is  associated  with 
dopaminergic  nerve  tenninais  in  dog  caudate. 

Structure-Activity  Studies  on  the  Interaction  of  Biogenic  Amine  Reuptake  Inhibitors  and  Potassium 
Channel  Blockers  with  MK-801 -Sensitive  ^PCP  Site  1^  and  -Insensitive  rPCP  Site  2)  fi^HITCP 
Binding  Sites  in  Guinea  Pig  Brain.  Binding  of  pHJTCP  to  guinea  pig  brain  membranes  was  well 
described  by  a  two  site  binding  model  with  Kd  values  of  13.4  nM  and  56.8  nM;  the  density  of  the  two 
binding  sites  were  roughly  the  same.  We  found  that  pHJTCP  binding  to  the  higher  affinity  site  (PCP 
site  1)  was  displaced  by  (+)-MK801,  a  high  affinity  ligand  for  the  dissociative  anesthetic  binding  site 
on  the  NMDA  receptor-channel  complex,  with  a  Ki  value  of  1.91  nM,  whereas  [3H]TCP  binding  to  site  2 
was  relatively  insenstive  to  (-i-)-MK801  (2543-fold  less  selective).  In  contrast,  binding  to  site  2  was 
relatively  more  sensitive  to  displacement  by  CMI,  an  inhibitor  of  biogenic  amine  reuptake  (13.5-fold 
selective). 

The  Competitive  NMDA  Receptor  Antagonist.  CPP.  Allostericallv  Modulates  the  NMDA  Receptor 
Associated  Phencvclidine  Binding  Site  in  the  Apparent  Absence  of  Steric  Hinderance.  The  primary 
purpose  of  this  study  was  to  determine  the  mechanism  by  which  CPP  inhibits  pHJTCP  and  pHK-i-)- 
MK801  binding  in  crude  membranes  possessing  different  levels  of  non-sequestered  GLU  and  GLY.  We 
conducted  several  different  types  of  experiments  to  distinguish  among  three  models:  the  steric 
hinderance  model,  an  allosteric  model  and  a  competitive  model.  Unlike  the  steric  hinderance  model,  the 
allosteric  model  does  not  postulate  that  the  CPP-induced  inhibition  of  pHJTCP  and  |3H](+)-MK801 
binding  results  from  closure  of  channels.  Rather,  the  allosteric  model  suggests  that  the  binding  of  CPP 
to  the  NMDA  site  produces  a  conformational  change  in  the  PCP  site  which  results  in  an  increase  in  the 
Kd  of  I3H](-i-)-MK801  or  (3h]TCP  for  the  PCP  binding  site.  The  competitive  model,  on  the  other  hand, 
suggests  that  CPP  binds  directly  in  the  PCP  site,  producing  an  inhibition  of  binding.  The  major  findings 
of  this  study  are:  1)  CPP  inhibits  [3H](+)-MK801  and  [3H]TCP  binding  to  ♦he  NMDA  receptor 
associated  PCP  binding  site  in  a  dose-dependent  manner.  2)  This  effect  is  reversed  by  the  addition  of 
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GLU.  3)  A  steric  hinderance  model  can  not  explain  these  data  because  a)  the  effect  is  observed  at  true 
equilibrium;  b)  i.i  the  presence  of  saturating  concentrations  of  CPP  (closed  channels)  the  initial  rates 
of  pHJIigand  association  are  directly  proportional  to  the  concentration  of  pH]ligand;  and  c)  the 
inhibitory  effect  of  CPP  is  observed  in  the  presence  of  low  levels  of  non-sequestered  endogenous  GLU. 
4)  The  data  are  most  simply  explained  on  the  basis  of  an  allosteric  model  which  postulates  that 
occupation  of  the  NMDA  receptor  by  CPP  alters  the  conformation  of  the  PCP  binding  site.  5)  The 
mechanism  by  which  depleting  membranes  of  endogenous  GLU  results  in  the  observation  of  steric 
hinderance  might  involve  factors  other  than  the  removal  of  GLU. 

Cannablnold     Receptors 

Neuronal  Localization  of  Cannahinoid  Receptors  in  the  Basal  Ganglia  of  the  Rat  -  Cannabinoid 
receptors  have  recently  been  characterized  and  localized  using  a  high-affinity  radiolabeled  cannabinoid 
analog  in  section  binding  assays.  In  rat  brain,  the  highest  receptor  densities  are  in  the  globus  pallidus 
and  substantia  nigra  pars  reticulata.  Receptors  are  also  dense  In  the  caudate-putamen.  In  order  to 
determine  the  neuronal  localization  of  these  receptors,  selective  lesions  of  key  striatal  afferent  and 
efferent  systems  were  made.  Striatal  neurons  and  efferent  projections  were  selectively  destroyed  by 
unilateral  infusion  of  ibotenic  acid  into  the  caudate-putamen.  The  nigrostriatal  pathway  was 
selectively  destroyed  in  another  set  of  animals  by  infusion  of  6-hydroxydopamine  into  the  medial 
forebrain  bundle.  After  2-  or  4  week  survivals,  slide-mounted  brain  sections  were  incubated  with 
ligands  selective  for  cannabinoid  (pHJCP  55,940).  dopamine  D,  ([3H]SCH-23390)  and  D2 
[pHJraclopride)  receptors,  and  dopamine  uptake  sites  ([3H]GBR-12935).  Slides  were  exposed  to  ^H- 
sensitive  film.  The  resulting  autoradiography  showed  ibotenate-induced  losses  of  cannabinoid,  Di  and 
D2  receptors  in  the  caudate-putamen  and  topographic  losses  of  cannabinoid  and  D^  receptors  in  the 
globus  pallidus,  entopeduncular  nucleus,  and  substantia  nigra  pars  reticulata  at  both  survivals.  Four 
weeks  after  medial  forebrain  bundle  lesions  (which  resulted  in  amphetamine-induced  rotations),  there 
was  loss  of  dopamine  uptake  sites  in  the  striatum  and  substantia  nigra  pars  compacta  but  no  change  in 
cannabinoid  receptor  binding.  The  data  show  that  cannabinoid  receptors  in  the  basal  ganglia  are 
neuronally  located  on  striatal  projection  neurons,  including  their  neurons  and  terminals.  Cannabinoid 
receptors  may  be  co-localized  with  Di  receptors  on  striatonigral  neurons.  Cannabinoid  receptors  are 
not  localized  on  dopaminergic  nigrostriatal  cell  bodies  or  terminals. 

Sigma    Receptor    Ligands 

Sigma  receptors  are  non-dopaminergic,  non-opioid  receptors  which  bind  PCP-  and  D2-dopamine 
antagonist-related  compounds,  as  well  as  some  of  the  (•i-)-enantiomers  of  the  morphinan  and 
benzomorphan  opioids.  Studies  utilizing  various  sigma  ligands  have  implicated  sigma  receptors  in 
neural  regulation  of  motor  behavior  and  modulation  of  transmitter  release  upon  electrical  stimulation 
of  smooth  muscle  preparations.  Although  progress  is  being  made  in  elucidating  the  physiological  roles 
of  Sigma  receptors,  the  biochemical  systems  modulated  by  sigma  receptors  are  not  clear. 

Characterization  of  the  Enantiomers  of  c/s-N-[2-f3.4-Dichlorophenynethvl)-N-methvl-2-M- 
ovrrolidinyhcyclohexylamine.  Novel  Compounds  with  High  Affinity.  Selectivity  and  Biological  Efficacy 
at  Sigma  Receptors  -  A  novel  class  of  compounds  with  very  high  affinity  and  selectivity  for  sigma 
receptors  has  been  discovered.  (±J-c/s-N-[2-(3,4-Dichlorophenyl)ethyl]-N-methyl-2-(1- 
pyrrolidinyl)cyclohexylamine  (BD614)  and  its  optically  pure  lS,2f?-(-)-  (BD737)  and  1f?,2S- 
(+)-  (BD738)  enantiomers  bound  to  sigma  receptors  of  guinea  pig  brain  with  Ki  >  2.0  ±  0.4  nM,  1 .3 
±  0.3  nM,  and  6  ±  3  nM,  respectively.  These  compounds  exhibited  little  or  no  affinity  for  dopamine- 
D2.  kappa  opiate,  or  phencyclidine  receptors  and  displayed  bk>logical  efficacy  in  assays  of  sigma 
receptor  function:  ability  to  produce  alterations  In  motor  behavior  and  Inhibition  of  the  muscarinic 
cholinergic  phosphoinositide  response.  Microinjection  of  BD614  into  the  rat  red  nucleus  or  substantia 
nigra  produced  a  dose-dependent  alteration  in  head  position  and  contralateral  circling,  respectively. 
BD614,  BD737,  and  BD738  inhibited  stimulation  of  inositol  phosphate  production  by  carbachol  or 
oxotremorine-M  in  a  dose-dependent  manner.  Thus.  N-substituted  c/s-2-(1-pyrrolidinyl) 
cyclohexylamines  may  prove  useful  in  studies  of  sigma  receptor  structure  and  function. 
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Fvalifation  of  NInvel  U50.488H  Analog«:  fnr  Antiischemic  Activity  in  the  Gerbil  -  U-50.488H.  a 
kappa  (k)  opioid  ligand  with  moderate  potency  at  sigma  (a)  receptors,  protects  against  mechanical  and 
ischemia-induced  injury.  The  purpose  of  this  study  was  to  evaluate  the  possibility  that  a-receptors 
may  be  involved  in  mediating  the  neuroprotective  actions  of  U-50,488H.  This  possibility  was  examined 
by  testing  the  potential  of  a  series  of  U-50,488H  analogs,  which  are  potent  o-ligands  with  minimal 
activity  at  K-opioid  receptors,  to  protect  against  ischemia-induced  neuronal  damage  in  the  gerbil.  Like 
U-50.488H,  BD-449  (20  mg/kg),  the  cis-diastereomer  of  U-50,4888H.  protected  against  ischemia- 
induced  neuronal  damage  as  did  BD-737  (50  and  30  mg/kg)  and  BD-738  (50  n>g/kg).  All  3  compounds 
interacted  selectively  with  a-receptors.  In  contrast,  BD-601  (50  mg/kg),  did  not  protect  against 
ischemia-induced  neuronal  damage,  although  it  also  interacted  potently  with  a-receptors.  One  difference 
between  the  compounds  that  were  neuroprotective  and  BD-601  is  that  only  BD-601  produced  a-like 
behavioral  effects  in  the  rat.  Thus,  it  is  possible  that  BD-601  may  interact  differently  or  at  a  different 
a-subtype  than  BD-449,  BD-737  and  BD-738  with  a-receptors.  However,  these  results  clearly 
indicate  that  an  interaction  wif^  K-opioid  receptors  is  not  required  for  anti-ischemic  activity,  and  that 
a-receptors  may  play  a  role  in  neuroprotection. 

Behavioral    Pharmacology    Unit    of   the    Drug    Design    and    Synthesis    Section 

Behavioral  Effects  of  the  Putative  Ethanol  Antagonist.  Or  15-4513  -  The  effects  of  the 
imidazobeniodiazepine,  Or  15-4513  (ethyl-8-azido-5,6-dihydro-5-methyl-6-oxo-4H-imidazo 
(1,5-a)(1,4)  benzodiazepine-3-carboxylate)  and  ethanol  were  studied  on  fixed-ratio  30  (FR  30) 
responding  of  mice.  Or  15-4513  (0.3-30  mg/kg)  decreased  FR  responding,  but  the  duration  of  the 
rate-decreasing  effect  was  relatively  short.  Following  the  complete  cessation  of  responding  by  high  doses 
(30  mg/kg),  recovery  was  rapid  and  complete  within  15-20  min.  Ethanol  (1-4  g/kg  i.p.)  and 
pentobarbital  (3-56  mg/kg)  also  only  decreased  responding,  with  the  effect  lasting  considerably  longer 
than  that  of  Or  15-4513.  Or  15-4513  (3  mg/kg)  attenuated  the  rate-decreasing  effect  of  ethanol,  when 
given  either  1  min  before,  or  5  min  after,  single  doses  of  ethanol.  A  lower  dose  of  Or  15-4513  attenuated 
the  rate-decreasing  effects  of  intermediate  doses  of  ethanol  but  not  pentobarbital.The  results  confirm 
that  Or  15-4513  can  antagonize  the  rate-decreasing  effect  of  ethanol  over  a  limited  range  of  doses.  The 
results  suggest  the  antagonism  depends  neither  upon  the  behavioral  effect  of  ethanol  nor  upon  opposing 
behavioral  effects  of  Or  5-4513. 

Behavioral  Effects  of  Stress-related  Peptides  and  Hormones  -  Previous  studies  have  linked 
susceptibility  to  drug  abuse  with  individual  differences  in  susceptibility  to  stress  activation  of  the 
hypothalamic  pituitary  adrenal  (HPA)  axis.  The  primary  endogenous  agents  involves  in  the  HPA  axis  are 
corticotropin  releasing  hormone  (CRH),  adrenocorticotropic  hormone  (ACTH)  and  Cortisol  (B).  Several 
studies  have  been  directed  at  examining  the  behavioral  specificity  of  the  direct  effects  of  CRH  on 
behavior.  In  order  to  accomplish  this,  a  unique  i.c.v.  delivery  device  had  to  be  designed,  constructed  and 
tested.  This  large  animal  intracerebral  drug  administration  unit  is  designed  to  allow  the  delivery  of  drugs 
or  other  agents  to  discrete  loci  within  the  brains  of  animals  while  maintaining  sterile  conditions.  It  is  an 
improvement  over  existing  designs  because  it  1)  maintains  an  absolute  minimal  dead  space  within  the 
system,  2)  is  smaller  in  diameter  (by  approximately  80%)  than  existing  shunt  catheters,  minimizing 
tissue  damage  during  placement,  3)  is  easily  secured  and  requires  minimal  clearance  over  the  cranium, 
and  4)  maintains  a  sterile  seal  between  the  brpin  and  periphery.  Preliminary  studies  indicate  the  device 
is  well  accepted  and  fully  functional  for  periods  up  to  a  year.  The  device  is  intended  for  permanent 
implantation. 

Several  additional  studies  were  directed  at  testing  the  device.  In  one,  the  behavioral  consequences  of 
the  central  administration  of  corticotropin  releasing  hormone  (CRH)  in  rhesus  monkeys  was  determined 
using  food-maintained  behavior.  Acute  doses  of  CRH  (0.003  ng/kg-10  ^g/kg,  i.c.v.),  decreased 
responding  for  food  in  a  dose-  and  time-related  manner.  With  intermediate  doses,  responding  occurred  at 
a  high  rate  until  food  was  delivered,  and  then  abruptly  ceased  for  several  minutes.  Previous  studies  have 
attributed  similar  effects  to  the  noxious  properties  of  certain  drugs.  Acute  doses  had  no  effect  on  home 
cage  food  consumption,  body  weight,  or  responding  for  food  on  subsequent  days.  When  CRH  was  given 
repeatedly  for  several  days,  its  behavioral  suppressant  effects  increased.  Home  cage  food  intake,  body 
weight,  and  subsequent  responding  for  food  decreased  for  up  to  six  weeks  before  returning  to  normal. 
These  results  suggest  that  sustained  elevations  in  central  levels  of  CRH  can  result  in  a  sensitization  to  its 
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'    anorexiogenic  effects,  an  effect  that  ha?  not  been  reported  in  other  species.  Because  hyper-aroused 
[    clinical  states  such  as  depression,  anorexia  nervosa,  and  some  forms  of  drug  abuse  are  characterized 
f  biochemically  by  hypercortisolism  and  elevated  CRH  in  CSF,  these  anorexiogenic  effects  may  corroborate 
a  potential  role  for  CRH  in  affective  disorders  where  comorbidity  with  drug  abuse  is  high. 

In  another  study  rhesus  monkeys  were  equipped  with  the  i.c.v.  cannula  system  and  trained  to  respond 
under  operant  schedules  of  food  presentation  or  from  stimuli  associated  with  the  delivery  of  shock 
(escape).  CRH  decreased  food-maintained  behavior  in  a  dose-related  manner  over  the  range  of  (0.3-10 
^g/kg)  but  did  not  affect  escape  responding,  demonstrating  a  selective  effect  on  food-maintained 
responding.  This  selective  effect  was  related  to  the  tendency  for  responding  to  stop  after  delivery  of  a  food 
pellet  when  higher  does  of  CRH  were  given,  consistent  with  the  notion  that  a  conditioned  aversion  to  food 
was  established  in  the  presence  of  CRH.  This  may  suggest  that  in  hyper-aroused  clinical  states  such  as 
depression  and  anorexia  nervosa,  focus  is  shifted  away  from  appetitive  tasks  as  a  result  of  increased 
levels  of  CRH. 

Several  studies  directed  at  determining  the  nature  of  this  behavioral  specificity  of  the  effects  of  the 
CRH  peptide  were  also  conducted,  and  incorporated  into  a  recently  published  review.  This  review  focuses 
on  those  aspects  of  the  behavioral  effects  of  CRH  related  to  food-associated  behaviors.  The  effects  of  CRH 
on  food  intake  are  compared  with  its  effects  on  performances  maintained  by  food  presentation,  and 
contrasted  with  the  effects  of  CRH  on  performances  maintained  by  other  events.  The  effects  of  CRH 
antagonists  and  drugs  which  interact  with  the  behavioral  effects  of  CRH  are  also  reviewed,  particularly 
with  respect  to  their  direct  effects  on  food  intake.  Lastly,  data  assessing  the  effects  of  CRH  administration 
on  central  neurotransmitter  levels  are  presented  and  compared  with  levels  seen  in  clinical  populations. 
The  effect  of  CRH  on  food  intake  seen  in  animals  is  consistent  with  a  putative  role  for  CRH  in  clinical 
syndromes  where  appetite  suppression  is  apparent.  Since  some  of  the  effects  of  CRH  on  food  intake  are 
subject  to  pharmacological  intervention,  strategies  directed  at  peptidergic  mechanisms  of  drug-abuse 
associated  disorders  should  be  explored. 

Several  additional  behavioral  studies  were  directed  at  the  association  of  the  particular  effect  a  drug 
of  abuse,  such  as  cocaine,  can  have  on  subsequent  tendencies  to  abuse  or  avoid  further  drug  contact.  In 
one  set  of  experiments  squirrel  monkeys  were  trained  to  respond  under  second-order  schedules  of  food 
presentation  and  then  exposed  to  either  a  self-administration  (SA)  or  to  a  conditioned  taste  aversion 
(CTA)  procedure.  Initial  exposure  to  stimuli  associated  with  post-session  administration  of  0.3  mg/kg 
cocaine  either  maintained  (SA)  or  suppressed  (CTA)  responding,  respectively.  The  monkeys  were  then 
exposed  to  the  alternate  procedure.  Initial  exposure  to  CTA,  decreased  cocaine  SA  responding  compared  to 
rates  seen  with  initial  SA  exposure.  In  contrast,  with  initial  exposure  to  SA,  the  CTA  procedure  failed  to 
suppress  responding.  Thus,  prior  exposure  to  either  reinforcing  or  suppressant  effects  of  cocaine  altered 
the  subsequent  behavioral  effects  of  that  drug,  suggesting  a  unique  role  of  behavioral  history  in  the  abuse 
potential  of  nocaine. 

Because  of  the  unique  behavioral  effects  of  drug  delivery  scheduled  to  occur  in  conjunction  with 
novel  food  delivery  appear  to  determine  specific  properties  of  drugs,  some  further  studies  were  initiated 
to  investigate  these  effects  in  rhesus  monkeys.  The  development  of  drug  discrimination  was  assessed  in 
rhesus  monkeys  using  the  conditioned-taste-aversion  paradigm.  Monkeys  were  initially  trained  to 
respond  under  a  fixed-ratio  30-response  schedule  of  food-pellet  delivery  to  assess  the  rate-decreasing 
effects  of  alprazolam  (0.03-3  mg/kg,  i.m.,  60  min  pre-session).  Alprazolam  decreased  responding  at 
doses  greater  than  0.1  mg/kg.  Discriminative  stimulus  effects  of  alprazolam  were  then  assessed  by 
giving  0.03  mg/kg  before  sessions  in  which  1.8  mEq/kg  lithium  chloride  was  given  immediately  after 
the  session  (alprazolam/lithium  session).  On  intervening  days,  saline  was  given  before  and  after  the 
session  (saline/saline  session).  Rates  of  responding  decreased  over  successive  alprazolam/lithium 
sessions  and  also  during  the  saline/saline  session  that  immediately  followed  an  alprazolanrVlithium 
session.  During  subsequent  saline/saline  sessions,  rates  of  responding  returned  to  levels  near  baseline 
rates  within  2-4  sessions.  The  discriminative  stimulus  effects  of  alprazolam  were  then  assessed  by 
giving  0.1  mg/kg  before  sessions  in  which  1  mg/kg  d-amphetamine  was  given  immediately  after  the 
session  (alprazolam/c^-amphetamine  session).  Rates  of  responding  decreased  during  subsequent 
alprazolam/d-  amphetamine  sessions  in  drug-experienced  monkeys,  but  not  during  intervening 
saline/saline  sessions.  These  findings  demonstrate  that  drug  stimuli  associated  with  post-session  drug 
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injections  can  rapidly  develop  control  over  behavior  and  suggest  that  sinnilar  methods  be  explored  in  the 
assessment  of  drug-discrimination.  I 

Individual  Differences  in  Pharmacological  and/or  Behavioral  Effects  of  Treatment  in  Rat  Strains  • 
Recent  studies  at  the  University  of  Bordeaux  and  the  Addiction  Research  Center  of  NIDA  have  shown  that 
the  LEW/N  rat  strain  is  considerably  more  likely  to  initiate  drug  taking  behavior  and  to  demonstrate 
behavioral  effects  of  drugs  of  abuse  than  are  its  histocompatible  counterpart,  the  F344/N  rat.  Several 
studies  have  been  directed  at  elucidating  the  nature  of  these  behavioral  differences,  in  order  to  associate 
the  range  of  behavioral  markers  with  specific  gene  loci  being  identified  in  other  Institutes.  For  example, 
both  NIMH  and  NIAMS  have  intensive  molecular  programs  to  identify  genetic  differences,  with  which  the 
PI  collaborates.  In  the  initial  series  of  these  studies,  stress-related  differences  in  these  strains  was 
shown  with  a  number  of  different  behavioral  stressors,  and  preliminary  evidence  that  these  differences 
may  stem  from  differences  in  endogenous  corticotropin  releasing  hormone  was  provided. 

These  studies  also  showed  that  challenge  with  inflammatory  stimuli,  stressors,  or  specific  drugs 
render  LEW/N  rats  susceptible  to  autoimmune  disease  while  their  histocompatible  control,  the  F344  rat, 
are  resistant.  In  order  to  examine  behavioral  correlates  of  suspected  differences  In  hypothalamic 
pituitary  adrenal  mechanisms  responsible  for  that  effect  in  these  strain,  both  strains  were  a)  assessed 
for  differences  in  behavioral  and  corticosterone  responses  to  exposure  to  an  open  field,  b)  prepared  with 
ventricular  cannuli,  and  assessed  again  in  the  open  field  after  saline,  or  c)  after  3  M-g/rat  of  CRH. 
Significant  baseline  differences  in  open  field  response  (pattern  of  ambulation),  and  in  the  effects  of  CRH 
on  rearing,  grooming,  and  activity  were  found  between  these  strains.  These  differences  suggest  that 
differences  in  endogenous  CRH  may  form  the  basis  for  the  differential  susceptibility  of  these  strains  to 
autoimmune  disease.  Such  differences  may  serve  as  an  animal  model  for  genetic  determinants  of 
relationships  between  CNS  function  and  the  immune  system. 

Additional  studies  designed  to  further  characterize  potential  behavioral  correlates  of  these 
differences,  the  amplitude  of  the  acoustic  (ASR)  and  tactile  (TSR)  startle  response  and  the  corticosterone 
response  to  acoustic  startle  stimuli  were  compared  between  two  histocompatible  strains,  Lewis  (LEW/N) 
and  Fischer  (F344/N)  rats,  as  well  as  outbred  Harlan  Sprague-Dawley  (SD)  rats.  Startle  stimuli 
elicited  larger  ASR  and  TSR  in  LEW/N  rats  than  in  F344/N  rats,  with  SD  rats  exhibiting  an  intermediate 
response.  The  ASR  habituated  at  a  similar  rate  in  LEW/N  and  F344  rats,  while  the  ASR  did  not  habituate 
in  SD  rats.  After  handling  and  placement  in  the  startle  chambers,  the  three  strains  did  not  differ  in 
control  levels  of  corticosterone.  In  contrast,  exposure  to  acoustic  startle  stimuli  increased 
corticosterone  5-fold  in  F344/N  rats  and  2-fold  in  SD  rats,  but  had  no  effect  on  corticosterone  in 
LEW/N  rats.  These  findings  suggested  an  inverse  relationship  between  the  amplitude  of  the  ASR  and 
hypothalamic-pituitary-adrenal  activation  across  strains.  This  relationship  was  further  supported  by  a 
high  negative  correlation  between  corticosterone  level  and  ASR  amplitude  within  the  F344/N  group. 

Behavioral  Toxicology  and  Risk  Assessment  -  The  PI  caries  a  concern  for  how  a  variety  of  different 
agents  found  in  the  workplace,  home  or  as  other  forms  of  environmental  exposure,  can  affect  normal 
behavioral  functioning.  In  particular,  expertise  in  the  assessment  of  volatile  organic  solvents  was 
established  at  Harvard  Medical  School  before  coming  to  the  NIH,  but  as  opportunities  arise,  the  interest 
is  maintained.  One  line  of  work  has  to  do  with  changing  current  notions  of  how  to  predict  risks  associated 
with  exposures  to  toxic  agents.  The  PI  has  maintained  a  collaboration  with  the  USEPA  to  design  dose-effect 
based  risk  assessment  methods.  Risk  assessment  is  the  attempt  to  characterize  the  chance  of  obtaining  an 
adverse  effect  after  exposure  to  an  agent.  Traditionally,  high  levels  of  an  agent  have  been  used  to  estimate 
the  likelihood  a  lower  dose  might  have  an  effect  either  by  using  low-dose  extrapolation  models  or  by 
attempting  to  establish  a  dose  with  no  observable  effects  (NOEL).  Low-dose  extrapolation  models  yield 
estimates  for  small  effects,  but  these  estimates  may  vary  by  orders  of  magnitude  depending  upon  the 
function  chosen  to  represent  the  data.  NOEL'S  are  imprecise  because  a  true  no-effect  level  is 
indeterminant  and  the  inability  to  determine  an  observable  effect  depends  primarily  on  background 
variability.  Newer  methods  use  data  from  portions  of  the  dose-effect  function  where  error  is  smaller  to 
estimate  risks.  Risk  estimates  using  two  of  these  approaches  are  compared  for  two  different  sample  sizes. 
Each  method  produced  the  same  estimate  with  the  larger  sample  at  low  risk,  but  with  increasing  levels  of 
risk  and  smaller  samples  the  estimates  obtained  using  these  methods  diverged. 
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I  Several  studies  were  completed  to  develop  these  methods.  In  one,  four  homologous  n-alkanes  were 

j  compared  for  their  ability  to  impair  performance  and  stimulate  hypothalamic-pituitary  activity  in  mice. 
1^  Performance  was  assessed  using  operant  responding  maintained  under  an  Fl  60-sec  schedule  of  milk 
presentation.  Cumulative  concentration-effect  functions  for  octane,  heptane,  hexane  and  pentane  were 
obtained  by  incrementally  increasing  exposure  concentrations  until  responding  was  abolished.  Recovery 
from  these  rate-decreasing  effects  was  determined  30  min  after  exposure  to  the  highest  concentration. 
Rate-decreasing  potency  (EC50)  was  greatest  for  octane  (2474  ppm),  and  progressively  less  for 
heptane  (3872  ppm),  hexane  (7051  ppm),  and  pentane  (36130  ppm).  Responding  recovered 
completely,  30  min  after  exposure,  for  pentane  and  hexane,  to  75%  of  pre-exposure  levels  for  heptane, 
but  to  only  15%  of  pre-exposure  levels  for  octane.  The  risk  of  obtaining  a  small  effect  with  these  agents 
(the  concentration  expected  to  decrease  performance  10%  in  one  out  of  one  thousand  mice)  exhibited  a 
similar  order.  The  effect  was  predicted  to  occur  at  227  ppm  for  octane,  331  ppm  for  heptane,  and  1429 
ppm  for  pentane.  However,  this  prediction  occurred  at  an  unusually  k>w  dose  for  hexane  (68  ppm).  These 
n-alkanes  also  stimulated  up  to  2000-fold  increases  in  adrenocortico*ropin  hormone  (AHTH)  release,  n- 
Hexane  was  slightly  more  potent  and  produced  larger  effects.  These  studies  demonstrate  a  direct 
relationship  between  aliphatic  carbon  chain  length  and  the  potency  of  n-alkanes  in  Impairing 
performance. 

Another  study  was  directed  at  assessing  similar  effects  in  an  anesthetic  agent,  diethyl  ether.  Diethyl 
ether  has  anesthetic,  neuroendocrine-stimulating,  .and  abuse-potentia'  properties,  yet  little  is  known  of 
the  concentrations  over  which  these  apparently  diverse  behavioral  effects  occur.  Adult  male  NIH  mice 
were  exposed  to  a  range  of  concentrations  of  ether  (1000-30000  ppm)  in  order  to  characterize  its 
effects  on  operant  behavior  and  neuroendocrine  activity.  When  responding  was  maintained  under  FI-60 
sec  schedules  of  milk  presentation,  5-  or  30-min  exposures  to  less  than  3000  ppm  ether  were  without 
behavioral  effect,  10000  ppm  produced  up  to  300%  increases  in  responding,  and  higher  concentrations 
abolished  responding.  Exposure  to  a  similar  range  of  concentrations  elevated  adrenocorticotrophic 
hormone  (ACTH)  and  corticosterone  levels  in  a  dose-  and  time-dependent  manner.  Short  (5  min) 
exposures  elevated  baseline  levels  of  ACTH  (18.2  pg/ml)  to  310.5  pg/ml  (~1700%  of  control)  at 
10000  ppm,  whereas  corticosterone  was  relatively  unaffected.  With  30  min  of  exposure  to  10000  ppm 
ether,  corticosterone  increased  maximally  from  78.44  ng/ml  to  559  ng/ml  (~700%  of  control)  and 
ACTH  was  increased  to  a  lesser  extent.  The  imidazobenzodiazepine,  Or  15-4513  decreased  Fl  responding 
at  doses  greater  than  3  mg/kg  and  attenuated  the  rate-increasing  effects  of  diethyl  ether  at  1  mg/kg. 

Behavioral  Effects  of  B-Carbolines  -  B-Carbolines  comprise  a  class  of  agents  with  profound 
behavioral  effects,  and  may  possibly  serve  as  a  pharmacological  model  of  stress  or  anxiety.  In  order  to 
better  characterize  its  behavioral  effects,  lever-pressing  of  squirrel  monkeys  was  maintained  under  a 
multiple  fixed-interval  (Fl)  5-min  schedule  of  food  presentation.  In  one  component,  responding  was 
suppressed  to  various  degrees  by  the  presentation  of  electric  shock  following  each  30th  response.  When 
responding  was  either  substantially  or  minimally  suppressed,  intermediate  doses  of  chlordiazepoxide 
(CDAP,  1-30  mg/kg)  increased  both  suppressed  and  non-suppressed  responding.  B-carboline  3- 
carboxylic  acid  ethyl  ester  (3-CCE,  0.1-3  mg/kg)  had  little  effect  at  low  to  intermediate  doses  (0.1-0.3 
mg/kg)  and  decreased  both  minimally-suppressed  and  non-suppressed  responding  to  a  comparable  extent 
at  higher  doses.  Repeated  daily  dosing  with  B-CCE  (up  to  10  n^g/kg)  resulted  in  rapid  tolerance  to  its 
rate-decreasing  effects.  As  agonists  do  not  typically  exhibit  rapid  tolerance  for  anxiolytic  efficacy,  these 
results  suggest  that  some  behavioral  effects  of  inverse  agonists  may  not  be  strictly  opposite  those  of 
benzodiazepines. 

Effects  of  Sigma  Ligands  -  Excitatory  amino  acids,  acting  at  the  NMDA  receptor,  have  been  postulated 
to  play  an  important  role  in  the  acquisition  of  behavior  (learning).  Drugs  that  block  this  receptor 
attenuate  many  of  the  effects  associated  with  learning  and  memory.  To  determine  whether  excitatory 
amino  acid  blockade  prevents  the  acquisition  of  a  conditioned  emotional  response  (CER),  we  studied  the 
effects  of  MK-801,  a  non-competitive  NMDA  receptor  antagonist,  on  the  development  of  conditioned 
response  suppression  in  the  rat.  In  contrast  to  the  rapid  development  of  response  suppression  over  the 
first  eight  days  of  exposure  to  the  procedure  in  rats  treated  with  saline,  responding  was  not  suppressed 
in  rats  treated  with  MK-801.  Thus,  these  data  are  consistent  with  the  notion  that  excitatory  amino  acid 
blockade  prevented  the  development  of  a  learned  emotional  response,  suggesting  a  potential  role  for  this 
receptor  in  the  development  of  anxiety-related  disorders  in  humans. 
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Behavioral  Conf?'=^T'^n'^fis  of  HIV  Infertion:  RoIp  of  GP12Q  in  Dementia  -  The  effects  of  recombinant 
and  purified  native  gp  120,  the  envelope  protein  of  human  immunodeficiency  virus  (HIV),  were  assessed 
on  the  acquisition  of  a  spatial  discrimination  in  a  Morris  water  maze.  Nanogran  levels  of  gp120  dose-  | 
dependently  retarded  acquisition,  suggesting  it  may  play  a  role  in  impairing  cognitive  processes  in  AIDS- 
infected  individuals.  The  potential  precursor,  gp160,  had  no  effect  on  spatial  performance.  Since  there 
are  several  functional  homologies  between  gp120  and  vasoactive  intestinal  polypeptide  (VIP),  a  novel 
VIP  antagonist  was  also  assessed.  The  VIP  antagonists  also  impaired  the  acquisition  of  perfomiance  in  the 
maze,  and  the  effect  was  reversible  with  VIP  at  doses  that  alone  had  no  affect  on  performance.  Thus, 
gp120  may  induce  cognitive  impairment  in  HIV-infected  individuals,  possibly  through  the  interference 
of  VIP-mediated  activity  in  the  central  nervous  system. 

BIOMEDICAL   CHEMISTRY  SECTION 

ThP  Solid  Phase  Svnthesis  of  2'.5'-Linked  OiioorihQnucleotides  Containing  8  Bromoadenosine  -  8- 
Bromoadenosine  and  its  nucleotides  occupy  an  important  place  in  nucleoside/nucleotide  chemistry  as 
substrates  for  synthesis  of  many  other  8-substituted  derivatives  either  through  nucleophilic 
substitution  or  UV  light  induced  photolysis.  Although  they  are  not  highly  cytotoxic  their  biological 
activity  is  often  different  than  that  of  adenosine,  and  this  difference  is  most  probably  caused  by  well 
established  syn  conformation  around  glycosidic  bond.  For  example,  8-bromoadenosine  is  10^  times  less 
efficient  as  substrate  for  adenosine  deaminase,  is  inactive  at  adenosine  receptors  but  is  phosphorylated 
by  adenosine  kinase. 

We  have  studied  extensively  2',5'-linked  8-bromoadenylate  oligonucleotides  as  analogs  of  2-5A. 
2-5A,  consisting  of  a  series  of  2',5'-oligoadenylates  of  a  general  formula  ppp5'A2'(p5'A)n,  is 
synthesized  in  interferon  treated  cells  by  the  2',5'-oligoadenylate  synthetase  in  response  to  dsRNA  and 
uniquely  activates  a  latent  ribonuclease,  RNase  L,  which  in  turn  degrades  cellular  and/or  viral  RNA. 
When  compared  to  2-5A,  brominated  analogs  were  more  stable  to  degradation  by  2',5'-specific 
phosphodiesterase,  and  analogs  containing  one  or  two  adenine  residues  at  the  5'-end  were  bound  to 
RNase  L  with  the  same  efficiency  as  the  2-5A  and  activated  the  enzyme  already  as  5'-monophosphates. 
The  efficient  binding  and  photoreactivity  of  8-bromoadenine  residue  allowed  their  application  as  a 
highly  sensitive  photo-crosslinked  probe  for  detecting  RNase  L. 

The  method  of  synthesis  of  these  sequence  specific  oligobromoadenylates  which  we  were  initially 
using  was  based  on  controlled  stepwise  lead-ion  catalyzed  addition  of  a  corresponding  nucleoside  5'- 
phosphoroimidazolidate  to  the  2'-0H  end  of  5'-end  protected  (as  phosphoromorpholidate)  nucleoside  or 
oligonucleotide.  Because  a  number  of  by-products  formed  after  each  step  product  purification  had  to  be 
performed  the  procedure  was  a  very  time  consuming  one.  During  that  study  it  became  clear  that  we 
needed  a  better,  more  efficient  way  of  oiigo(bromo)adenylate  synthesis  and  we  decided  to  determine  if 
the  solid-phase  method  of  oligoribonucleotide  synthesis  could  be  adapted  to  include  8-bromoadenylates. 
In  initial  consideration  of  the  proper  N^  protection  we  eliminated  any  acyl  protecting  group.  Although 
N  ^-benzoyl  protection  of  adenylyl  residues  was  successfully  used  in  the  solid  phase  synthesis  of 
oligoribonucleotides,  both  2',5'-  and  3',5'-linked,  8-bromosubstitution  of  the  purine  Increases  the 
lability  of  the  purine  ring  towards  alkaline  hydrolysis  and  has  a  destabilizing  effect  on  the  glycosidic 
bond  under  acidic  con'litions.  Both  of  these  effects  are  further  enhanced  by  acylation  of  exocyclic  amino 
group  {Amarnath,  V.  and  VanBoom,  A.D.  (1977)  Chem.  Rev.  77,  183}.  Recent  reports  on  applications 
of  dialkylformamidines  as  a  depurination  resistant  amino  group  protection  In  the  solid  phase  synthesis 
of  oligodeoxynucleotides  prompted  us  to  evaluate  this  group  for  8-bromoadenosine. 

Several  differently  substituted  amidine  derivatives  of  deoxynucleosides  (dAdo,  dCyd,  dGuo)  have 
been  synthesized  and  applied  to  the  solid  phase  ollgodeoxynucleotide  synthesis  but  to  our  knowledge  this 
kind  of  protection  has  not  been  used  in  oligoribonucleotide  synthesis.  The  advantage  of  amidine 
protection  strategy  was  evident  since  the  stability  studies  performed  under  standard  acidic  deprotection 
conditions  showed  enhanced  resistance  to  depurination  and  N,N-di-n-butylformamidine  derivative  of 
dAdo  was  20  times  more  stable  than  the  corresponding  N^-benzoyl  one. 
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We  prepared  the  formamidine  derivative  of  8-bromoadenosine  (1)  using  N,N-dibutylformamidine 
dimethyl  acetal  and  reaction  conditions  described  for  2-deoxyadenosine.  5*-Dimethoxytritylation 
according  to  the  routine  procedure  also  occured  smoothly  giving  53%  of  5'-  and  N^-protected  8- 
bromoadenosine  2.  As  for  the  corresponding  dAdo  derivative,  after  1  hr  at  60  °C  in  50%  cone, 
ammonia/ethanol  (v/v)  containing  10%  of  ammonium  acetate,  90%  removal  of  dibutylformamidine 
group  was  observed  and  complete  deprotection  was  achieved  in  3  hr  (TLC  or  HPLC  control,  DMTr 
removed).  The  stability  of  the  glycosidic  bond  in  the  presence  of  3%  dichloroacetic 
acid/dichloromethane  was  determined  to  be  similar  to  that  of  N^-benzoyldeoxyadenosine  (ti/2  approx. 
3  hr,  TLC  control).  These  results  indicated  that  an  application  of  6-N-[(di-n-butylamino)- 
methylene]-8-bromoadenosine  (1)  should  be  compatible  with  the  phosphoramidite  approach  to  the 
solid  phase  synthesis  of  oligoribonucleotides.  For  adenosine  residues  we  decided  to  use  a  conventional 
N^-benzoyl  protection  since  the  benzoyl  group  can  be  completely  removed  under  the  above  deprotection 
conditions. 

The  mixtures  of  2'-0H  and  3'-0H  silylated  both  5'-0-dimethoxytrityl-6-N-[(di-n- 
butylamino)-methylene]-8-bromoadenosine  and  5'-0-dimethoxytrityl-6-N-benzoyl  adenosine 
derivatives  were  prepared  in  the  reaction  with  dimethyl- f-butylsilyl  chloride  catalyzed  by  imidazole. 
The  isomers  were  separated  by  silica  gel  column  chromatography  and  analyzed  by  ^H  and  ""^C  NMR  in 
order  to  assign  their  structures.  An  empirical  rule  to  assign  isomeric  structure  of  silylated 
ribonucleotides  has  been  published  by  Ogilvie  et  al.  It  states  that  silylation  at  a  cartx)hydrate  hydroxyl 
leads  to  a  significant  downfield  shift  of  the  carbon  to  which  this  hydroxyl  group  is  attached. 
Unfortunately,  for  5'-dimethoxytrityl  protected  nucleosides  we  observed  a  difference  of  0.6  and  0.2 
ppm  (for  5a  and  5b,  as  compared  with  3)  was  too  small  to  provide  reliable  assignment.  However  the 
same  authors  observed  that  in  5'-monomethoxytritylated  silylated  purine  nucleosides  the  methyl  and 
t-butyl  protons  of  the  dimethyl-t-butylsilyl  group  at  the  2'-hydroxyl  are  significantly  shifted 
upfield,  and  we  based  our  assignment  on  this  observation.  The  detailed  analysis  of  ^  H  NMR  spectra  of  3 
and  5b  also  showed  a  downfield  shift  of  H-3'  proton  (0.1  ppm)  but  a  larger  effect  was  exerted  on  the 
H-4'  (0.2  ppm  upfield).  Other  important  changes  included  an  upfield  shift  of  H-2'  signal  and  an 
increase  in  nonequivaience  of  protons  in  5',5"  position.  In  2'-silyIated  adenosine  isomer  only  the  H-2' 
signal  was  moved  0.3  ppm  downfield. 

Since  no  NMR  data  for  fully  protected  8-bromoadenosine  have  been  published  our  assignment  of 
structures  of  silylated  isomers  4a  and  4b  was  based  on  comparison  with  the  corresponding  adenosine 
derivatives.  In  the  ""H  NMR  spectrum  of  the  isomer  with  larger  Rf  value,  the  H-2'  proton  was 
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deshielded  (0.1  ppm),  the  silyl  group  methyl  signals  appeared  upfield  (0.2  ppm),  as  did  the  signal  of 
H-3'  (0.25  ppm).  In  the  second  isomer  both  the  silyl  group  methyl  signals  and  the  H-3'  proton  signal 
were  shifted  significantly  to  lower  field  (0.2  and  0.4  ppm).  As  for  5b,  there  was  a  shielding  effect  on 
protons  H-2',  H-4"  and  H-5"  (0.2,  0.1  and  0.25  ppm,  respectively).  Therefore  for  the  8-brominated 
isomer  with  larger  Rf  the  structure  of  4a  was  assigned,  and  the  lower  Rf  isomer  was  identified  as  4b. 
This  assignment  was  later  confirmed  by  structures  of  oligonucleotides  synthesized  from 
phosphoramidites  6a  and  6b. 

A  Derivative  of  DDC  Designftd  to  Cross  the  Blood-Brain  Barrier  -  Human  immunodeficiency  virus 
(HlV)-induced  central  nervous  system  (CNS)  dysfunction,  probably  caused  by  infected 
monocyte/macrophage-mediated  virus  transfer  into  the  brain,  has  been  a  major  target  of  a  number  of 
studies  designed  to  explore  strategies  to  increase  the  blood-brain  barrier  penetration  of  anti-HIV 
agents.  The  nucleoside,  2',3'-dideoxycytidine,  is  one  of  the  most  potent  dideoxynucleoside  analogues  in 
vitro,  but  it  is  much  less  effective  than  is  AZT  at  penetration  of  the  CNS  based  on  measurements  of 
cerebrospinal  fluid  concentrations. 

in  this  investigation,  we  have  evaluated  the  utility  of  a  dihydropyridine  chemical  delivery  system 
to  enhance  the  brain  uptake  of  2',3'-dideoxycytidine.  Specifically,  we  prepared  a  DDC  derivative 
(HP2DDC)  which  bore  the  1,4-dihydro-1-methyl-3-pyridinylcarbonyl  moiety  at  both  the  cytidine 
exocyclic  amino  group  and  the  sugar  5'-hydroxyl  function. 

In  the  usual  approach  to  the  synthesis  of  dihydropyridinyl  derivatives,  a  nicotinate  ester  is 
prepared  which  is  then  quaternized  with  methyl  iodide  to  yield  the  N-methylpyridinium  derivative 
which  in  turn  can  be  reduced  to  the  desired  dihydropyridine.  This  approach  was  not  feasible  with 
2',3'-dideoxycytidine  (DDC,  1)  since  the  cytosine  ring  would  also  be  alkylated  both  at  the  ring  N3 
position  as  well  as  the  exocyclic  amino  moiety.  As  an  alternate  strategy  which  avoided  the  necessity  of 
protection  of  the  exocyclic  amino  moiety  of  the  cytosone  ring,  nicotinic  acid  methiodide  was  coupled  to 
DDC  (1)  to  give  the  presumed  disubstituted  DDC  trigonellate  (P2DDC).  This  O-  and  N-acylated 
intermediate  was  not  isolated  but  was  further  manipulated  according  to  two  different  methodologies, 
depending  upon  the  desired  product.  In  the  first  approach,  reduction  of  the  diquaternized  species  with 
sodium  dithionite  gave  the  bis-dihydropyridinyl  derivative  (HP2DDC,  2).  Hydrolysis  accomplished  by 
overnight  exposure  to  0.1  M  KOH  in  MeOH  at  room  temperature  gave  the  5'-trigonellate  ester  of  DDC 
(0-HPDDC,  3).  The  surprising  preferential  cleavage  of  the  amide  bond  under  these  conditions  can  be 
rationalized  by  consideration  of  the  resonance-stabilized  anion  that  would  facilitate  collapse  of  the 
tetrahedral  intermediate  of  amide  hydrolysis. 

In  the  alternative  treatment,  the  P2DDC  intermediate  was  subjected  to  mild  slightly  alkaline 
hydrolysis  at  37  "C  to  yield  the  N-acylated  DDC  derivative.  This  hydrolytic  intermediate  was  not 
isolated  as  such,  but  was  further  treated  with  sodium  dithionite  to  give  N-HPDDC  (4).  The  facile  and 
preferential  hydrolysis  of  the  ester  bond  of  the  di-quaternized  intermediate,  P2DDC,  under  these 
conditions,  would  be  expected  considering  the  considerable  additional  lability  introduced  to  the  ester 
bond  by  the  proximal  positively  charged  pyridinium  group. 

Chemical  ionization  mass  spectroscopy  provided  a  clear  differentiation  of  the  two  monoacylated 
DDC  derivatives.  0-HPDDC  (3)  (M+H  =  333)  underwent  essentially  only  one  fragmention  to  yield  a 
peak  at  m/z  «  222  corresponding  to  cleavage  of  the  glycosidic  linkage  and  the  generation  of  a  fragment 
ion  consisting  of  the  acylated  sugar.  This  fragmentation  pattern  to  give  an  ion  from  the  acylated  sugar 
was  also  witnessed  in  the  CI-MS  of  N2DDC  as  well  as  a  dibenzoylated  DDC.  N-HPDDC  (4)  (M-*-H  -  333) 
showed  predominant  fragmentation  with  loss  of  the  N-acyl  moiety  to  give  a  peak  m/z  212,  but 
significant  fragmentation  also  occurred  corresponding  to  loss  of  the  sugar  to  give  m/z  233.  Thus  as 
with  other  nucleosides,  there  is  a  strong  tendency  for  glycosidic  bond  cleavage,  but  in  these  materials, 
the  charge  partitions  to  the  moiety  t)earing  the  dihydropyridyl  group.  In  the  case  of  the  CI-MS  of  the 
disubstituted  HP2DDC  (2)  (M+H  =  454),  both  modes  of  fragmentation  were  operative  to  produce  peaks 
at  m/z  222  (acylated  sugar)  and  233  (acylated  base). 

To  gain  some  idea  of  the  ease  and  course  of  oxidation  and  hydrolysis  of  the  above  DDC  derivatives, 
oxidation  by  DDQ  (2,3-dichloro-5,6-dicyano-1,4-benzoquinone)  was  examined.      In  addition,  the 
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stabilities  of  0-HPDDC  (3)  and  N-HPDDC  (4)  in  Tris-acetate  buffer  (HPLC  analysis,  pH  7.4,  37  "C) 
were  evaluated. 

Generation  of  the  requisite  pyridinium  derivatives  was  accomplished  by  shaking  the  precursors, 
N-HPDDC  (4),  0-HPDDC  (3),  and  HP2DDC  (2)  with  DDQ  in  acetonitrile  followed  by  treatment  with 
DEAE-Sephadex  to  remove  the  resulting  red  pigment.  Hydrolyses  of  the  resulting  pyridinium  salts 
were  allowed  to  proceed  in  50  mM  Tris  buffer  (pH  7.4)  at  37  "C,  and  aliquots  were  removed  at  various 
times  for  HPLC  analysis.  0-PDDC  (2)  was  hydrolyzed  to  DDC  (1)  with  50%  of  the  DDC  being  formed 
in  30  min.  N-PDDC  (4)  also  gave  rise  to  DDC;  however  in  this  case,  it  required  about  2  h  for  50%  of 
the  resultant  DDC  to  be  produced  .  The  derivative  which  took  the  greatest  amount  of  time  (3  h)  to 
produce  DDC  was  P2DDC.  While  the  hydrolyses  of  the  0-PDDC  (3)  and  N-PDDC  (4)  were  quite 
straightforward,  on  the  other  hand,  the  hydrolysis  of  P2DDC  was  more  complicated.  There  was  a  rapid 
disappearance  of  of  N2DDC  itself  and  the  intermediate  formation  of  N-PDDC  which  then  hydrolyzed  to 
DDC.  The  greater  lability  of  the  5'-trigonellate  ester  bond  in  this  situation  mirrored  its  behavior 
during  the  synthesis  of  N-HPDDC. 

When  either  0-HPDDC  (3)  or  N-HPDDC  (4)  was  dissolved  in  Tris-acetate  buffer  (pH  7.4,  50 
mM)  containing  2%  acetonitrile  at  a  concentration  of  2x10'^  M  and  maintained  at  37  "C,  extensive 
decomposition  occurred  as  monitored  by  HPLC.  In  the  case  of  0-HPDDC  (3),  the  half  life  for 
disappearance  was  approximately  7  h,  but  DDC  (1)  itself  accounted  for  only  about  30%  of  the  product. 
The  remaining  material  consisted  of  an  unidentified  by  product.  The  half  life  for  decomposition  of  N- 
HPDDC  (4)  was  about  9  h.  In  this  instance,  about  50%  of  the  product  consisted  of  DDC  with  the 
remaining  material  being  roughly  equal  amounts  of  two  unidentified  byproducts.  It  is  significant  that 
in  neither  situation  was  any  O-  or  N-pyridinium  salt  detected  in  contrast  to  the  oxidation  studies 
alluded  to  above.  When  HP2DDC  (2)  was  dissolved  in  the  above  buffer  and  its  decomposition  was 
followed  under  the  same  conditions,  at  least  15  products,  including  DDC  (1)  and  N-HPDDC  (4)  could 
be  detected. 

To  determine  whether  or  not  HP2DDC  (2).  0-HPDDC  (3),  and  N-HPDDC  (4)  could  undergo  the 
requisite  series  of  reactions  needed  to  fulfill  their  potential  as  prodrug  forms  which  could  be 
transported  into  the  central  nervous  system  and  be  oxidized  to  the  positively  charged  pyridinium  form, 
the  metabolic  fates  of  the  above  congeners  were  examined  in  cytoplasmic  extracts  of  rat  brain. 

At  37  °C  and  pH  7.4,  0-HPDDC  (3)  was  converted  gradually  (ti/2  approximately  2  h)  to  the 
pyridinium  form,  0-PDDC,  which  was  subsequently  hydrolyzed  to  DDC.  Control  incubations  in  the 
absence  of  extract  provided,  as  in  previous  experiments  (vide  supra),  only  small  quantities  of  DDC 
with  no  detectable  pyridinium  salt.  The  nitrogen-substituted  analogue  N-HPDDC  (4)  behaved 
somewhat  differently  in  that  its  ti/2  (approximately  10  h)  was  considerably  greater  than  the  0- 
HPDDC.  Also  in  contrast  to  its  0-substituted  isomer,  N-HPDDC  (4)  gave  rise  to  only  low 
concentrations  of  the  pyridinium  form  (N-PDDC),  which  in  turn  appeared  to  give  rise  to  DDC.  In  the 
absence  of  rat  brain  cytosol,  only  minor  amounts  of  DDC  were  formed. 

Two  conclusions  could  be  drawn  from  the  foregoing  experiments.  First,  enzymic  activities  in  the 
rat  brain  cytosol  are  needed  to  convert  the  dihdropyridyl  prodrugs  to  their  oxidized  forms.  These  can 
then  be  hydrolyzed  non-enzymaticaliy  to  DDC  as  observed  in  the  chemical  oxidation  experiments  with 
DDQ.  Secondly,  the  0-HPDDC  derivative  is  more  readily  oxidized,  and  its  pryidinium  form,  0-PDDC,  is 
more  readily  hydrolyzed  than  N-HPDDC  and  its  oxidized  form  N-PDDC.  The  more  facile  hydrolysis  of 
0-PDDC  as  compared  to  N-PDDC  would  be  expected  from  the  ester  versus  amide  nature  of  the  linkages 
undergoing  cleavage.  It  is  not  clear,  however,  why  0-HPDDC  should  be  more  readily  oxidized  than  N- 
HPDDC. 

The  disubstituted  derivative,  HP2DDC  (2),  was  transformed  by  rat  brain  cytosol  in  a  manner 
completely  predictable  based  on  the  results  of  the  experiments  with  the  monosubstituted  analogues. 
HP2DDC  (2)  itself  quickly  disappeared  with  a  ti/2  oi  approximately  30  min  with  a  concurrent 
increase  in  concentration  of  the  presumed  0-P,  N-HPDDC  from  which  N-HPDDC  was  formed.  This 
intermediate  was  then  oxidized  by  the  cytosolic  enzymes  to  N-PDDC  which  then  was  hydrolyzed  to  DDC. 
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No  evidence  could  be  obtained  from  the  HPLC  of  any  formation  of  the  disubstituted  pyridinium  form 
P2DDC.   The  non-enzymatic  formation  of  DDC  was  virtually  insignificant  under  these  conditions. 

When  evaluated  for  their  ability  to  inhibit  the  growth  of  human  immunodeficiency  virus  (HIV-1) 
in  human  lymphocyte  MT-4  cells,  0-HPDDC  and  N-HPDDC  each  gave  IC50  values  of  1.2  x  10-6  M, 
HP2DDC  showed  an  IC50  of  1.9  x  10-^  M,  and  DDC  as  reference  standard  had  an  IC50  of  1.0  X  10-6  M. 
These  results  suggested  that  all  three  dihydropyridyl  derivatives  could  be  transfomed  to  DDC  by  cell 
cultures  and  were  therefore  virtually  equivalent  to  DDC  in  their  antiviral  potential. 

We  followed  the  time-dependent  plasma  and  brain  concentrations  of  DDC  (1)  following  its  i.v. 
administration  to  rats  (23  mg/kg).  A  peak  plasma  level  of  115.8  +  3.3  nmol/ml  occurred  at  5  min, 
the  earliest  measured  time,  and  thereafter  DDC  concentrations  declined  with  a  half-life  of  22.7  min. 
No  drug  was  detected  after  240  min.  Dramatically  k)wer  levels  were  present  In  brain,  with  a  peak 
concentration  of  0.44  +  0.16  nmol/g  occurring  at  120  min.  The  PA  of  DDC  was  3.4  x  lO-Bs"'',  and  its 
brain/plasma  concentration  integral  ratio  was  0.04. 

Also  we  examined  the  time-dependent  concentrations  of  HP2DDC  (2),  DDC  (1)  and  combined 
(total)  levels  in  plasma  and  brain,  respectively,  following  i.v.  administration  of  HP2DDC  (49.3 
mg/kg).  A  peak  level  of  36.6  +  7.3  nmol/m!  HP2DDC  (2)  was  detected  in  plasma  at  5  min,  which 
declined  to  0.3  +  0.1  nmol/ml  at  480  min.  Low  concentrations  of  DDC  were  detected  up  to  240  min, 
with  a  peak  level  of  2.0  +  0.6  nmol/ml  occurring  at  5  min.  HP2DDC  was  detected  in  brain  throughout 
the  study,  reaching  a  peak  concentration  of  7.7  +  2.9  nmol/g  at  15  min.  Low  levels  of  DDC  also  were 
detected,  with  a  peak  concentration  of  1.4  +  0.5  nmol/g  at  240  min.  The  brain/plasma  concentration 
integral  ratio  of  HP2DDC  was  0.95  ,  whereas  that  for  DDC  in  brain  as  a  ratio  of  combined  HP2DDC  and 
HP2DDC  levels  in  plasma  was  0.24. 

:  We  investigated  the  time-dependent  concentrations  of  N2DDC  (5),  DDC  and  combined  (total)  levels 
in  plasma  and  brain,  respectively,  after  i.v.  administration  of  N2DDC  (46  mg/kg).  A  peak 
concentration  of  54.0  +  2.1  nmol/ml  N2DDC  (5)  was  detected  in  plasma  at  5  min,  declining  to  1.9  + 
1.0  nmol/ml  at  480  min.  DDC  was  present  in  plasma  between  5  and  120  min,  with  a  peak  level  of 
13.1  +  2.2  nmol/ml  at  5  min.  Low  concentrations  of  both  N2DDC  (5)  and  DDC  (1)were  detected  in 
brain  throughout  the  study,  with  peak  levels  of  1.2  +  0.4  nmol/g  at  30  min  and  of  0.9  +  0.7  nmol/g  at 
5  min,  respectively.  The  brain/plasma  concentration  integral  ratio  of  N2DDC  was  0.12,  whereas  that 
for  DDC  in  brain  as  a  ratio  of  total  agents  in  plasma  was  0.04.  The  disappearances  of  DDC,  HP2DDC  and 
N2DDC  from  plasma  were  similar,  although  a  higher  peak  concentration  was  achieved  after  DDC 
injection.  Futhermore,  brain  concentrations  of  DDC  were  low  compared  to  total  drug  in  plasma  for  each 
agent.  Althougn  HP2DDC  maintained  the  highest  concentration  in  brain  and  achieved  the  largest  time- 
dependent  concentration  integral,  these  were  not  significantly  different  from  those  achieved  following 
equimolar  administration  of  DDC  or  N2DDC. 

Earlier  studies  have  concluded  that,  in  the  case  of  the  application  of  the  dihydropyridine- 
pyridinium  redox  chemical  delivery  system  to  the  anti-HIV  agent  AZT,  a  significant  Increase  in  brain 
exposure  to  the  antiviral  agent  was  possible.  In  our  attempts  to  apply  this  redox  drug  delivery  system 
to  DDC  which  is  substantially  less  effective  than  is  AZT  at  crossing  the  blood-brain  barrier,  we  have 
not  been  able  to  demonstrate  a  significant  increase  in  brain  exposure  to  DDC  after  administration  of  the 
disubstituted  redox  prodrug,  HP2DDC  (2).  We  have  found  this  kind  of  DDC  derivative  relatively 
difficult  to  access  synthetically  as  compared  to  the  corresponding  AZT  derivative.  The  lipophilic  nature 
of  these  materials  represents  a  significant  experimental  difficulty  which  would  surely  complicate 
therapeutic  application.  For  reasons  we  do  not  understand,  the  series  of  DDC  derivatives  (HP2DDC,  O- 
HPDDC,  and  N  HPDDC)  were  significantly  less  stable  under  mild  conditions  than  was  the  corresponding 
AZT  congener  with  which  we  have  also  worked.  This  instability  also  complicates  experimental 
manipulation  of  these  redox  prodrug  forms  of  DDC  and,  of  course,  would  also  be  a  therapeutic  liability. 
It  is  possible  that  this  lability  may  at  least  partly  explain  the  failure  of  the  application  of  this 
particular  prodrug  approach  to  achieving  greater  brain  exposure  to  DDC. 
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[Jronic  Acid  Analogues  of  2-5A:  Synthesis  and  Biological  Activity  -  The  oligonucleotide 
ppp5'A2'p5'A2'p5*A,  known  as  2-5A,  is  a  potent  translational  inhibitor  involved  in  some  aspects  of 
interferon  action.  To  explore  the  specific  function  of  the  charged  5'-triphosphate  moiety,  we  prepared 
a  series  of  congeners  in  which  the  5'  region  was  hypermodified.  Thus,  uronic  acid  derivatives  were 
substituted  for  the  5'  terminal  adenosine  residue  of  2-5A.  Compounds  9,  10,  11,  and  12  carried 
adenosine  5'-uronic  acid,  ethyl  adenosine  5'-uronate,  adenosine  5'-uronamide,  and  adenosine  5'-(n- 
ethyl)uronamide,  respectively,  in  place  of  the  5'  terminal  adenosine  triphosphate  moiety  of  2-5A. 
While  all  the  analogues  showed  some  weak  interaction  with  the  2-5A-dependent  endonuclease  (RNase 
L),  compound  9  showed  the  strongest  binding  ability,  and  while  unable  to  activate  the  mouse  RNase  L, 
could  activate  human  RNase  at  a  concentration  100-fold  greater  than  that  required  for  the  parent  2- 
5A.  This  result  suggests  that  the  function  of  the  5'-(poly)phosphate  moiety  of  2-5A  may  be  fulfilled 
by  some  other  anionic  moiety. 

New  Approach  to  the  Synthesis  of  S-BromoadenQsine  Analogues  of  g.S'-Oligoadenylates  - 
A  solid  phase  oligonucleotide  synthetic  method  was  developed  to  provide  easier  access  to  8- 
bromoadenylate-2',5'-linked  oligonucleotides  which  show  activity  as  activators  of  the  2-5A-dependent 
ribonuclease.  The  standard  CPG-LCA  solid  support  and  the  phosphoramidite  approach  could  be 
employed,  but  while  N^-benzoyl  protection  was  satisfactory  for  non-modified  adenine  residues,  8- 
bromoadenosine  required  non-acyl  protection.  Specifically,  the  N,N-di-n-butylformamidine 
derivative  of  deoxyadenosine  was  found  to  be  the  most  useful.  A  variety  of  mixed  sequence  adenosine/8- 
bromoadenosine  oligonucleotides  could  be  synthesized  using  this  modified  technology. 

A  New  and  Potent  2-5A  Analogue  Which  Does  Not  Require  a  5'-Polyphosphate  to  Activate  Mouse  L 
Cell  Rnase  L  -  In  order  to  explore  the  possibility  of  supplanting  the  requirement  of  a  5'-triphosphate 
moiety  for  the  activation  of  the  2-5A-dependent  endonuclease  (RNase  L)  of  mouse  L  cells,  two  new 
tetrameric  analogues  of  2-5A  were  synthesized.  The  first  tetramer,  obtained  by  both  a  modified 
prebiotic  synthetic  approach  as  well  as  a  phosphite  triester  solid  phase  oligonucleotide  synthesis 
method,  was  p5'A2'p5'A2'p5'(br8A)2'p5'(br8A).  The  second  oligonucleotide  was  derived  from  the 
former  by  a  sequence  involving  periodate  oxidation,  reaction  with  n-hexylamine,  and  cyanoborohydride 
reduction,  resulting  in  conversion  of  the  2'-terminal  adenosine  residue  to  9-(3'-aza-4'-hexyl- 
r,2',3',4'-tetradeoxyhexopyranos-1'-yl)-8-bromoadenine.  Both  of  these  oligomers  were  found  to  be 
as  potent  as  2-5A  itself  as  activators  of  the  RNase  L  of  mouse  L  cells. 

SECTION  ON  CARBOHYDRATES 

Shigella  dysenteriae  type  1  is  a  human  pathogen  causing  dysentery  with  a  high  incidence  of 
mortality.  The  virulence  of  this  pathogen  requires  full  expression  of  its  lipopolysaccharide  (LPS): 
indirect  evidence  suggests  that  the  0-specific  polysaccharide  (0-SP)  is  also  a  protective  antigen  in 
humans.  Its  LPS  contains  tetrasaccharide  A  as  the  repeating  unit  of  the  0-SP  region.  It  is  an  attractive 
assumption  that  protective,  anti    0- 

-3)-a-L-Rhap-(1 ,2)-a-D-Galp-(1 .3)-a-D-GlcpNAc-(1 ,3)-o-L-Rhap-(1-  A 

SP  antibodies  might  also  be  elicited  by  using  smaller  fragments  of  the  native,  0-SP.  Oligosaccharides 
(OSs)  that  mimic  the  properties  of  the  native  0-SP  define  the  minimum  structural  requirements  of 
such  immunodeterminants.  We  are  studying  the  synthesis  of  OSs  possessing  extended  chain-length 
related  to  A. 

As  part  of  this  project,  we  describe  a  synthetic  route  to  octasaccharide  methyl  glycoside  1,  which 
corresponds  to  two  contiguous  repeating  units  of  the  0-SP  of  the  LPS  of  S.  dysenteriae  type  1. 

The  synthesis  of  octasaccharide  1  is  based  on  a  [4  +  4]  block  approach:  two  tetrasaccharides  (36 
and  41)  were  prepared,  corresponding  to  units  A-D^  and  E-H^  and  were  combined  to  provide  a 
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protected  derivative  of  1.  Tetrasaccharide  acceptor  36,  and  donor  41  were  assembled  in  a  stepwise 
manner  using  heterofunctional  D-galacto-,  D-gluco-.  and  L-rhamnopyranoside  derivatives,  the 
syntheses  of  which  are  described  next. 

D-Galactose  synthons  (Scheme  1).  Thioglycosides  8-10  were  selected  as  galactosyl  donors.  Their 
common  feature  is  the  non-participating,  4-methoxybenzyl  group  at  0-2.  This  type  of  protection 
allows  the  stereoselective  formation  of  a  1,2-c/s  interglycosidic  linkage  upon  activation  of  the 
anomeric  center  by  thiophilic  reagents.  The  sensitivity  of  the  4-methoxybenzyl  group  to  oxidation 
permits  selective  unmasking  in  the  presence  of  a  variety  of  protective  groups  which  is  a  favourite 
feature  for  a  multifunctional  oligosaccharide  intermediate.  Triol  4  (Scheme  1)  was  obtained  from 
mixed  acetal  2  in  two  steps  using  the  fully  protected  thiogalactoside  3  (64%)  and  converted  directly  to 
acyl-  [8  (92%)  and  9  (90%)]  and  benzyl-protected  thiogalactoside  donors  (10  (93%)]  in 
conventional  reactions.  An  alternative  route  to  10  utilized  diacetate  5  which  was  converted  to 
thioglycoside  6  (82%)  (CH3SSi(CH3)3,  TMSOTf,  CH2CI2)  followed  by  deacetylation  to  give  alcohol  7 
(83%)  which  was  then  4-methoxybenzylated  at  HO-2  to  provide  10  (85%). 

N-Acetyl-D-glucosamine  synthons  (Scheme  2).  Tetraacetate  11  was  the  starting  material  for  the 
gl'jcosamine  synthons  15-18.  It  was  converted  to  thioglycoside  12  (CH3SSi(CH3)3,  TMSOTf, 
(CH2CI2)  (93%,  12a/12p  4:1).  Routine  transformation  of  12a  by  way  of  alcohols  13  and  14  [(i) 
de-0-acetylation,  (ii)  benzylidene  acetal-formation,  (iii)  acylation)]  provided  acetate  15  and 
bromoacetate  16  respectively:  these  can  be  used  as  donors,  either  directly,  or  after  conversion  to 
crystalline  glucosyl  chlorides  17  and  18. 

D-Rhamnose  synthons  (Scheme  3).  The  intermediate  for  residue  D  was  rhamnosyl  donor  28,  first 
prepared  by  Pavliak  et  al.  Its  2-0-benzoyl  group  anchimerlcaliy  assists  the  stereocontrolled  formation 
of  a  1,2-frans  interglycosidic  linkage,  and  the  bromoacetyl  group  permits  selective  unmasking  of  HO- 
3  without  compromising  the  other  linkages.  Compounds  19  and  20  were  first  converted  to 
intermediate,  cyclic  orthoesters  21  and  22,  which  were  then  benzoylated  at  HO-A.  Regioselective 
opening  of  the  orthoester  ring  with  acetic  acid  provided  the  2,4-dibenzoates  23  and  24  [69-88% 
yields  for  three  steps  (a-c)].  Subsequent  bromoacetylation  at  HO-3  yielded  the  fully  protected 
rhamnosides  25  and  26.  Thioglycoside  25,  and  2-(trimethylsilyl)ethyl  glycoside  26,  were 
converted  to  chloride  28  directly  by  chlorine  and  a,a-dichloromethyl  methyl  ether  (DCI^ME)/ZnCl2 
respectively.  Alternatively,  chlorination  (DCMME/2nCl2)  of  acetate  27  provided  rhamnosyl  donor  28 
in  98%  yield. 
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Stereoselective  coupling  of  glucosamine  donor  17  with  the  previously  described  alcohol  29 
(AgOTO  afforded  disaccharide  30  in  65%  yield  (Scheme  4).  Removal  of  the  acetyl  group  (NaOMe)  gave 
alcohol  31  which  was  converted  into  acceptor  32  by  azide-reduction  (NiCl2/H3B03)  followed  by  N- 
acetylation  (79%).  Glycosylation  of  32  with  10  (MeOTf,  ether)  provided  trisaccharide  33  (87%) 
which  was  treated  with  DDQ  to  provide  alcohol  34  (57%).  Reaction  of  rhamnosyl  chloride  28  wiih 
nucleophile  34  (AgOTf)  gave  fully  protected  tetrasaccharide  35  (94%)  which  was  debromoacetylated 
to  provide  the  acceptor  36  (94%). 
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Compounds  9,  18,  24,  and  37  were  used  for  the  stepwise  synthesis  of  tetrasaccharide  38 
employing  conditions  for  glycosylation  and  deprotection  similar  to  those  used  for  the  synthesis  of  36 
(61%  yield  for  five  steps).  Sequential  replacement  of  the  benzylidene  by  acetyl  groups  (38->39), 
hydrolytic  removal  of  the  trimethylsilylethyl  group  (39^40)  and  imidate  formation  afforded 
tetrasaccharide  donor  41  (75%  for  three  steps). 
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j  Combination  of  tetrasaccharide  acceptor  36  and  donor  41   (BFa.EtaO)  gave  fully  protected 

w  octasaccharide    42    (69%).  Its    routine   transformation   by   azide   reduction    (NiCl2/H3B03),  N- 
W  acetylation    (AC2O),   de-O-acylation    (NaOMe)    and    debenzylation    (H2/Pd-C),   gave  the   free 
octasaccharide  methyl  glycoside  1 . 

The  chemical  shifts  of  the  anomeric  protons  in  the  0-specific  PS  A,   octasaccharide   1, 
hexasaccharide  43,  pentasaccharide  44,  and  tetrasaccharides  45, 46  (Table)  reveal  a  dependence  of 


BnO   CH,OBn 


J       BzO 


I  AcHN    9 


AcHN    ?  OBn 


OB2 


42 


B2O    CHjOBz 

BzO  I  CHjOAc 

BzO 

43        a-L-Rhap-(1.3)-a-L-Rhap-(1,2)-a-D-Galp-(1.3)-a-D-GicpNAc-(1,3)-a-L-Rhap- 
1,3)-a-L-Rhap-0Me 
,..-.■    nu--  /.  ON  _  ■    ou-^  /.  ON  -  r^  0-1-  /^  o»  _  D -G IcpN Ac- ( 1 ,3) -o-L- R hap- 0 M 6 

-L-Rhap-OMe 
Rhap-OMe 


4  4  a-L-Rhap-(1.3) 

4  5  a-L-Rhap-(1,2)-ii  _    __.^  ,. 

4  6  a-D-Galp-(1,3)-a-D-GlcpNA 


e 

a-L-Rhap-(1,2)-a-D-Galp-(1,3)-a-D-Gk 
a-D-Galp-(1,3)-a-D-GlcpNAc-(1,3)-a-L- 
a-D-GlcpNAc-(1.3)-a-L-Rhap-(1,3)-a-L- 


Table  ""H-NMR  chemical  shifts  (ppm)  of  the  anomeric  protons  of  the  0-specific  polysaccharide 
of  Shigella  dysenteriae   type  1  and  oligosaccharides  1 ,  and  43-46^ 

Chemical     shift^ 
Compound  Rha       Gal      GlcN      Rha      Rha       Gal  GlcNRha  Rha 


0-SP  (A) 

5.1  1    5.60   5.04    5.11 

5.05    5.60    5.04 

5.1  1    5.05 

1 

5.08    5.60    5.04    5.11 

5.05    5.60    4.99 

4.71 

43 

5.08 

5.05   5.60   5.04 

5.05    4.66 

44 

5.07 

5.05   5.60    4.99 

4.71 

45 

5.09    5.61    5.00 

4.73 

46 

5.42       5.04 

5.07       4.6( 

*ln  D20  at  296K  ,  int.  acetone  6=2.225  ppm.  *^hemical  shifts  for  the  anomeric  protons  of  the  0-SP  and 
for  those  in  the  oligosaccharides  which  coincide  with  the  corresponding  resonances  of  the  0-SP  are 
shown  in  boldface. 

these  parameters  on  the  length  of  the  OS.  The  chemical  shift  of  only  one  anomeric  proton  in  each  of 
compounds  45  and  46  is  identical  with  that  of  the  corresponding  proton  in  the  0-SP.  That  number  of 
common  resonances  is  two  for  the  0-SP/pentasaccharide  44  and  three  only  for  the  O- 
SP/hexasaccharide  43  i.e.  none  of  the  OSs  43-46  embodies  a  complete  repeating  unit  sequence  of  four 
residues  whose  conformation  mimics  that  of  the  corresponding  fragment  in  the  0-SP.  In  octasaccharide 
1 ,  the  chemical  shifts  of  the  anomeric  protons  of  five  consecutive  residues  coincide  with  the 
corresponding  resonances  of  the  0-SP.  It  is  probable  that  in  1  the  fragment  consisting  of  residues  C-G 
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resembles  the  conformation  of  the  0-SP.  Thus  octasaccharide  1  is  expected  to  be  a  valuable  hapten  for 
the  preparation  of  synthetic  antigens,  which  is  in  progress  in  these  laboratories. 

In  the  past,  we  have  used  deoxyfiuoro  sugars  as  probes  for  studies  of  ligand-antibody  interactions. 
Investigations  of  the  putative  role  of  hydrogen  bonding  in  the  binding  process  involving  antibodies  that 
show  specificity  for  epitopes  containing  p-D-glucopyranose  required  hitherto  unknown  methyl  4- 
deoxy-4-fluoro-p-D-glucopyranoside  (5).  For  the  synthesis  of  5,  we  have  chosen  the  readily 
available  methyl  2,3.6-tri-0-ben2oyl-p-D-galactopyranoside  (1)  as  the  starting  material,  and 
diethylaminosulfur  trifluoride  (DAST)  as  the  fluorinating  reagent.  Although  DAST  has  been  frequently 
used  to  produce  fluorinated  carbohydrates  in  high  yields,  the  outcome  of  the  reaction  is  somewhat 
unpredictable.  We  believe  what  we  found  is  unique  in  that  two  products  of  elimination  have  been 
formed,  as  a  consequence  of  attacks  of  the  proton-abstracting  species  at  different  sites  in  the  molecule. 
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Initially,  compound  1  was  treated  with  DAST  (100%  molar  excess)  in  1,2-dimethoxyethane  at 
room  and  elevated  temperatures  in  the  absence  of  a  base.  In  these  reactions  the  conversion  of  1  was 
either  largely  incomplete,  or  the  reaction  mixtures  contained  a  large  proportion  of  by-products  (60 
°C).  An  appreciable  amount  of  undesired  products  was  still  formed  when  the  reaction  was  carried  out 
in  the  presence  of  pyridine  at  60  °C  but,  in  this  solvent,  the  number  and  the  overall  amount  of  by- 
products formed  was  smaller  than  when  the  reaction  was  conducted  in  the  absence  of  the  base.  The  three 
major  products  of  such  a  reaction  were  isolated  by  chromatography,  identified  and  fully  characterized. 
The  expected  methyl  2,3,6-tri-0-ben2oyl-4-deoxy-4-fluoro-p-D-glucopyranoside  (2,  showing  the 
slowest  chromatographic  mobility)  was  isolated  in  47.7%  yield.  The  amounts  of  the  isolated  olefinic 
by-products  3  (showing  fastest  chromatographic  mobility)  and  4  were  23.4  and  12.8%.  respectively. 
Thus  the  remainder  of  the  reaction  products  accounting  for  less  than  some  10%,  consisted  of  several 
trace  impurities,  and  were  not  further  investigated.  Conventional  debenzoylation  of  2  readily  yielded 
the  crystalline  target  compound  5.  When  the  reaction  was  conducted  in  dichloromethane  as  the  solvent, 
in  the  absence  of  a  base,  the  formation  of  the  olefinic  by-products  was  somewhat  less  pronounced 
(TLC),  similar  to  what  has  been  found  by  others.  The  structures  2  and  5  followed  clearly  from  the 
first-order  analysis  of  the  one-dimensional  ^H-  and  ^^C-Nf^R  spectra,  and  the  structures  3  and  4 
were  deduced,  inter  alia,  from  the  analysis  of  2D  NMR  spectral  data.  The  olefinic  nature  of  these 
compounds  was  supported  by  the  ^^c-nmr  spectra  showing  signals  in  the  region  characteristic  of 
unsaturated  cartx)ns.  The  comparable  chemical  shifts  observed  for  the  methylene  protons  H-6a  and  H- 
6b  in  1-  4  suggest  that  the  olefinic  by-products  do  not  contain  an  exocyclic  double  bond.  Rather,  the 
observed  chemical  shifts,  5  150.69  in  the  spectrum  of  3  and  5  142.61  in  the  spectrum  of  4,  assigned 
to  C-5  and  C-3,  respectively,  are  consistent  with  these  carbons  being  part  of  an  enolic  arrangement. 

The  unambiguous  assignment  of  lines  in  the  NfwIR  spectra  of  3  followed  from  results  of  2D  NMR 
experiments.  Unsaturated  products  3  and  4  are  formed  by  common  elimination  that  frequently 
accompanies  SN2  substitution  reactions  during  fluorinations  with  DAST  or  with  other  nucleophiles. 
Their  formation  in  an  approximate  ratio  of  2  :  1  (see  Experimental)  quite  likely  reflects  the  more 
acidic  nature  of  H-5  in  1,  as  compared  with  H-3,  due  to  the  proximity  of  the  ring  oxygen  atom. 
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Methyl  0-(2,3,4-tri-0-benzoyl-a-L-rhamnopyranosyl)-(1 -^3)-2,4-di-0-ben2oyl-a-L- 
4  rhamnopyranoside,  obtained  by  silver  trifluoromethanesulfonate-mediated  condensation  of  methyl 
*  2,4-di-0-ben2oyl-a-L-rhamnopyranoside  and  2,3,4-tri-0-ben2oyl-a-L-rhamnopyranosyl 
bromide  (3),  was  cleaved  with  dichloromethyl  methyl  ether  (DCMME)  to  give  0-(2,3,4-tri-0- 
benzoyl-a-L-rhamnopyranosyl)-(1-*3)-2,4-di-0-benzoyl-a-L-rhamnopyranosyl  chloride  (9). 
Condensations  of  1,3,4,6-tetra-O-acetyl-a-D-galactopyranose  with  3  and  9,  followed  by  treatment 
of  the  products  with  DCMME  yielded,  respectively,  glycosyl  chlorides  12  and  17.  Each  of  these,  as  well 
as  2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl  chloride  was  condensed  with  4,6-0-substituted 
(benzylidene,  tetraisopropyldisiloxane-1,3-diyl,  or  benzyl)  derivatives  of  methyl  2-acetamido-2- 
deoxy-a-D-glucopyranoside,  using  CH2CI2,  ether,  or  a  mixture  thereof  as  the  solvent.  The  formation 
of  the  desired  a-D-galactopyranosyl  linkage  was  favored  when  ether  was  the  solvent.  Under  these 
conditions,  however,  the  combined  yield  of  the  condensation  products  decreased,  especially  when  less 
reactive  synthons  were  used.  The  a-llnked  products  obtained  were  deprotected  to  give  the  methyl  a- 
glycosides  of  the  tetra,  tri-,  and  the  disaccharkle  related  to  the  chemical  repeating  unit  of  the  O- 
specific  side  chain  of  the  lipopolysaccharide  of  Shigella  dysenteriae  type  1.  Synthesis  of  methyl  a- 
glycosides  of  three  other  constituents  of  the  same  polymeric  antigen  were  also  prepared.  All  together, 
the  following  methyl  a-glycosides  of  oligosaccharides  related  to  the  the  chemical  repeating  unit  of  the 
0-specific  antigenic  polysaccharide  of  Shigella  dysenteriae  type  1 ,  namely  -»[3-a-L-Rhap-(1  -♦3)-a- 
L-Rhap-(1-»2)-a-D-Galp-(1^3)-a-D-GlcpNAc-iln-»  have  been  synthesized: 
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Stereoselective  Syntheses  of  a  Pi-.  Tri-.  and  a  Tetrasaccharide  Fragment  of  Shigella  Dysenteriae 
Type  1  O-Antigen  Using  3.4.6-Tri-0-Acetvl-2-A2ido-2-Deoxv-A-D-GlucoDvranosvl  Chloride  as  a 
GIvcosyl  Donor  -  Methyl  2,4-di-O-benzoyl-a-L-rhamnopyranoside  (1)  was  0-bromoacetylated  and 
the  resulting,  crystalline  3-0-bromoacetyl  derivative  was  treated  with  dichloromethyl  methyl  ether- 
ZnCl2  reagent  to  give  2,4-di-0-benzoyl-3-0-bromoacetyl-a-L-rhamnopyranosyl  chloride  (2). 
Compounds  1  and  2  were  condensed  under  the  conditions  of  base-deficient  silver 
trifluoromethanesulfonate-mediated  glycosylation,  to  give  the  fully  protected  rhamnobioside  3  which 
was  de- 0-bromoacetylated,  affording  the  disaccharide  nucleophile  4.  Similar  condensation  of  2  with 
methyl    3-0-benzoyl-4,6-0-benzylidene-a-D-galactopyranoside,     followed     by     de-0- 
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bromoacetylation,  and  condensation  of  the  thi-s  formed  methyl  0-(2.4-di-0-benzoyl-a-L- 
rhamnopyranosyl)-(1->2)-4,6-0-benzylidene-3-0-ben2oyl-o-D-galactopyranoside  with  2  gave 
the  corresponding  trisaccharide.  Subsequent  de-0-bromoacetylation  gave  5  having  only  HO-3 
unsubstituted.  Silver  perchlorate-mediated  glycosylations  of  each  of  1.4  and  5  with  3,4,6-tri-O- 
acetyl-2-azido-2-deoxy-a-D-glucopyranosyl  chloride  afforded,  with  high  stereoselectivity,  the 
corresponding  di,  tri-,  and  a  tetrasaccharide,  all  containing  2-azido-2-deoxy-a-D-glucopyranosyl 
end-group.  Subsequent  hydrogenation,  followed  by  A/-acetylation,  and  de-0-acylation  afforded  the 
following  three  oligosaccharides  that  make  up  parts  of  the  repeating  unit  of  Shigella  dysenteriae  type  1 
0-antigen: 

HO  CHjOH 
HO. 


Me 

HO 


OMa 


HO 


0  OH 

1  NHAc 
k^i^^ OH 

HOCHj 


OMa 

HO-!2^ 

o  Ah 

O   OH 
NHAc 

OH 
^  OH 

HOCH, 


O   OH 
•  — r-o-7 


lie- 

HO. 


HO  ■-<  "TW 
O   OH 


I  NHAc 


o-^V^-^ 


OH 
OH 


HOCH2 


A  series  of  synthetic,  fully  acetylated  methyl  monodeoxy-monofluoro-a-D-glucopyranosides  have 
been  studied  using  electron  impact  and  ammonia  chemical  ionization  mass  spectrometry.  Mass  analyzed 
metastable  ion  kinetic  energy  (MIKE)  spectroscopy,  collison  activation  (CI),  and  accelerated  voltage 
scanning  have  been  used  to  evaluate  complete  fragmentation  schemes.  Characteristic  differences  in  the 
fragmentation  of  positional  isomers  were  noted  on  analysis  of  the  spectra,  and  these  make  it  possible  to 
determine  the  location  of  fluorine  in  hexopyranosides. 

Sequence  analysis  of  oligosaccharides  is  most  frequently  based  on  spectra  obtained  from  derivatized 
compounds.  The  fast-atom  bombardment  (FAB)  mass  spectra  obtained  from  a  native  sample  primarily 
contain  molecular  mass  information  in  the  form  of  one  or  more  pseudomolecular  ions.  The  intensities  of 
the  fragment  ions  are  often  very  low  in  comparison  to  the  signals  of  matrix  or  impurities.  For  this 
reason,  carbohydrates  are  usually  derivatized  prior  to  obtaining  FAB  spectra.  To  assist  in  the 
determination  of  the  structure  of  oligosaccharides  without  derivatization  we  measured  FAB  spectra 
using  various  matrices  and  B/E  linked  scans  with  or  without  the  presence  of  helium  as  the  collision 
gas,  to  enhance  fragmentation  in  the  first  field-free  region  of  the  instrument. 

As  model  substances  we  used  synthetic  methyl  ^-glycosides  of  D-galacto-oligosaccharides,  some  of 
which  were  fluorinated  or  deoxygenated  at  certain  positions.  The  samples  were  dissolved  in  water, 
mixed  with  various  matrices  on  the  target,  and  subjected  to  xenon  (6  kV)  bombardment.  The  method 
based  on  the  B/E  linked  measurement  of  FAB  mass  spectra,  obtained  on  the  m-bullet  matrix,  was  found 
to  be  most  successful.  The  B/E  linked  FAB  spectra  contain  intense  'sequence  ions'  allowing  sequence 
analysis  of  oligosaccharides,  while  the  fragment  ions  derived  from  the  matrix  are  not  present.  This  is 
very  much  unlike  the  case  of  conventional  FAB  spectra,  where  the  structurally  significant  ions  are 
obscured  by  fragment  ions  derived  from  matrix  molecules. 

The  partial  elucidation  of  the  binding  mode  of  an  anW-Shigella  dysenteriae  type  1  murine 
monoclonal  IgM  toward  its  antigenic  determinant  is  proposed.  This  is  based  on  the  affinities  of  the 
pentameric  IgM  for  eighteen  synthetic  fragments  of  the  0-polysaccharide,  and  on  the  affinity  of  the 
IgM-Fab  for  the  intact  0-specific  bacterial  polysaccharide.  The  results  show  that  the  galactosyl 
residue  is  the  only  one  of  the  monosaccharides  present  in  the  antigenic  epitope  that  by  itself  shows 
quantifiable  binding.  It  is  contributing  from  2.7  to  3.0  kcal/mol  of  binding  free  energy,  depending  on 
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the  structure  of  the  syithetic  ligand-fragment  it  is  a  part  of.  Addition  of  one  rhamnosy!  residue, 
li  glycosidicaliy  linked  a(1-»2)  to  the  galactosyl  unit,  increases  the  free  binding  energy  by  1.4  to  2.2 
^  kcal/mol,  depending  again  on  the  particular  ligand.  Protein  binding  subsites  for  these  two  sugars  are 
called  subsite  A  and  B,  respectively.  Further  extension  of  the  oligosaccharidic  ligand  toward  the  'non- 
reducing'  end  (glyconic  terminus)  by  rhamnosyl  and  glucosacetaminyl  moieties  improves  the  binding 
only  minimally.  The  maximal  association  constant  (Ka  -  9.5  x  10^  M-i,  -aG  -  5.4  kcal)  is  for  the 
tetrasaccharide  determinant  a-D-GlcpNAc-(1-»3)-a-L-Rhap-(1->3)-a-L-Rhap-(1^2)-a-D- 
Galp-OMe.  That  affinity  constant  is  however  nearly  identical  to  that  of  the  disaccharide  a-L-Rhap- 
(1-»2)-a-D-Galp-0Me  (Ka  -  6.5  x  10^  M-"",  -AG  »  5.3  kcal).  Extension  of  the  oligosaccharidic 
chain  toward  the  'reducing'  end  (aglyconic  terminus)  decreases  the  binding  energy  by  0.3  to  1.1  kcal, 
depending  on  the  structure  of  the  synthetic  ligand.  This  suggest  that  small  conformational  effects  might 
be  involved.  Affinity  measurements  using  IgM-Fab  and  the  intact  0-specific  polysaccharkje  show  that 
the  antibody  is  capable  of  binding  internal  segments  on  the  antigen  chain.  The  unusually  tow  association 
constant  {Ka  -  2.7  x  10^  M''<)  of  this  antiboay,  might  define  the  lower  limit  for  an  immune  response 
to  an  immunogenic  epitope. 

Finally,  our  subsite  studies  on  monoclonal  anti-galactan  were  concluded  by  binding  studies  on 
determinants  flanked  by  non-binding  sequences.  The  penta-  through  octasaccharides  ^-D-Glcp- 
(1->6)-^-D-Glcp-(1-»6)-[;3-D-Galp-(1->6)]n-^-D-Glcp-{1->6)-5-D-Glcp-1->OMe,  (n=1-4) 
were  prepared  by  a  convergent  block-synthesis.  The  haloacetyi-,  tert-butyldiphenylsilyl  and  the 
dimethylthexylsilyl  group,  respectively  were  used  as  temporary  protective  groups  for  the  preparation 
of  the  intermediate  glycosyl  donor  and  acceptor  building  blocks.  The  deoxygenated  trisaccharides  ^D- 
Glcp-(1->6)-^-D-Galp-(1-»6)-^-4-deoxy-D-xy/o-Hexp-1->OMe  and  ^-D-Glcp-(1->6)-^-4- 
deoxy-D-xy/o-Hexp-(1^6)-^-D-Galp-1^0Me,  respectively  were  synthesized  accordingly.  All 
oligosaccharides  were  used  to  study  their  binding  to  monoclonal  antigalactan  antibody  IgA  J539.  The 
results  strongly  support  the  previous  finding  that  J539  can  bind  to  internal  antigenic  epitopes  and  that 
subsite  C  of  that  antibody  binds  glucose  with  a  Ka  of  about  6  (in  contrast  to  galactose  which  is  bound  to 
subsite  C  with  a  Ka  of  10.9). 

1990-1991 Non-project Activity- 

Dr.  Kenner  C.  Rice  (Chief,  LMC)  continues  as  a  member  of  the  Editorial  Advisory  Board  of  the  Journal 
of  Medicinal  Chemistry  and  has  completed  his  three  year  term  as  a  member  of  the  Executive  Committee 
of  the  Organic  Chemistry  Division  of  the  American  Chemical  Society  (ACS).  In  the  latter  capacity,  he 
served  as  liaison  with  the  Biotechnology  Secretariat  of  the  ACS.  He  also  completed  a  four  year  term  of 
service  on  the  Board  of  Directors  of  the  College  on  Problems  of  Drug  Dependence  (CPDD),  and  he  has 
been  elected  a  Charter  Fellow  of  the  CPDD.  Dr.  Rice  served  as  a  member  of  Peer  Review  Panel  C  for  the 
Walter  Reed  Army  Institute  of  Research  Promotion  Board.  He  has  been  appointed  to  the  Advisory  Board 
of  Medicinal  Chemistry  Reviews.  During  the  reporting  period.  Dr.  Rice  has  been  invited  to  present  a 
number  of  research  lectures  in  the  U.S.  and  abroad.  Dr.  Rice  was  reappointed  as  Adjunct  Professor  of 
Pharmacology  in  the  Department  of  Pharmacol,  and  Exp.  Therap.,  School  of  Medicine,  UMBC.  He 
continues  to  serve  on  the  selection  committee  for  national  and  international  research  awards. 

Dr.  Arthur  E.  Jacobson  (Deputy  Chief,  LMC)  was  reappointed  as  Biological  Coordinator  of  the  Drug 
Evaluation  Committee  of  the  College  on  Problems  of  Drug  Dependence  (CPDD)  for  1991-1992,  and  as 
Affiliate  Professor  in  the  Department  of  Pharmacology  and  Toxicology,  Medical  College  of  Virginia, 
Virginia  Commonwealth  University.  He  is  a  member  of  the  Editorial  Board  of  the  journal  Drug  and 
Alcohol  Dependence.  He  continues  to  serve  on  the  selection  committee  for  the  international  Sato 
Memorial  award,  and  is  on  the  Research  Evaluation  Panel  for  the  Walter  Reed  Army  Institute  of 
Research.  Dr.  Jacobson  has  been  elected  a  Charter  Fellow  of  the  CPDD. 

Patent  Applications.  In  the  Drug  Design  and  Synthesis  Section  one  new  patent  was  filed  this  year 
and  13  other  patents  are  pending.  They  include  (a)  Nitrogen-containing  cycloheterocycloalky! 
aminoaryl  derivatives  for  CNS  disorders;  (b)  N-(arylethyl)-N-alkyl-2-(1-pyrrolidinyl) 
ethylamines,  a  novel  class  of  neuroprotective  sigma  receptor  ligands;  (c)  radiolabeled  N-substituted- 
6-iodo-3,14-dihydroxy-4,5-a-epoxymorphinans,  intermediates  for  producing  the  same,  and  a 
process  for  the  preparation  and  methods  of  detecting  opioid  receptors;  and,  (d)  (+)-isomers  of 
endoetheno/endoethano-epoxymorphinan  derivatives  as  antitussive  agents. 
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found  that  the  lymphocyte  mu-class  binding  site  has  a  molecular  weight  of  58  kDa  under  nonreducing 
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Potential  treatment  agents  for  cocaine  abuse  -  The  high  affinity  dopamine  reuptake  inhibitor 


l-[2-[bis(4-fluorophenyI)methoxy]ethyl]-4-[3-phenylpropyl]pipera2ine  (GBR12909)  produced  a 
dose-dependent  decrease  in  the  binding  of  [3H]cocaine  or  [3H]GBR12935  to  the  dopamine  transporter. 
GBR  12909  antagonizes  the  ability  of  cocaine  to  elevate  extracellular  dopamine  by  50%.  Fiuther  studies 
will  be  needed  to  evaluate  a  possible  role  for  GBR  12909  in  the  medical  treatment  of  cocaine  addiction. 
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compounds  as  neuroprotective  agents  and  as  anticonvulsants.  PCP-like  compounds  have  been  reported 
to  exert  a  protective  effect  against  neuronal  degeneration  in  ischemia  models;  evidence  suggests  they  act 
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transmitter  release  upon  electrical  stimulation  of  smooth  muscle  preparations.  We  have  identified  a 
novel  class  of  high-affinity  sigma  receptor  ligands,  the  enantiomeric  N-substituted  cis-N-[2-(3,4 
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high  affinity  and  highly  selective  benzomorphan-based  photoaffinity  label  for  sigma  receptors. 
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interferon,  the  induction  of  interferon  by  ds-RNA,  and  the  control  of  cell  growth  and  differentiation. 
Analogues  of  the  mediator  of  interferon  action  are  synthesized  in  order  to  define  the  relationship  between 
oligonucleotide  structure  and  binding  to  and  activation  of  the  2-5  A-dependent  endonuclease.  The 
eventual  goal  is  to  understand  the  biological  role  of  of  the  2-5A  system  and  to  explore  the  potential  of 
exploitation  of  this  system  in  chemotherapy.  Finally,  a  number  of  new  approaches  to  pharmacologically 
active  nucleoside  analogues  are  pursued. 
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SUMMARY  OF  WORK    (Use  standard  unreduced  type.   Do  not  exceed  the  space  provided.) 

The  Section  works  on  the  interaction  of  (complex)  carbohydrate  determinants  with  monoclonal 
antibodies  (MAbs).  The  elucidation  of  this  interaction  -  in  great  molecular  detail  -  is  impx)rtant  since  it 
pertains  to  all  ligand-protein  interactions.  Thus,  drug -receptor,  effector-receptor  as  well  as  viral-receptor 
interactions  may  be  clarified.  We  arc  executing: 

1 .  Physico-chemical  studies  on  antibody/antigen  systems. 

2.  The  synthesis  of  ligands  for  affinity  studies. 

3.  The  manipulation  of  immunoglobulin  genes  to  produce  specifically  mutated  genes  expressing  altered 
antibodies. 

4.  The  study  of  immunodeterminants  of  bacteria  causing  significant  diseases  on  a  global  scale,  so  as  to 
evaluate  procedures  for  vaccine  development 

We  have  determined  the  sj)ecific  interaction  between  microbial  polysaccharides  such  as  dextran  and  a 
number  of  monoclonal  antibodies  in  the  past  We  have  prepared  m  Jiy  complex  fragments  of  the 
capsular  polysaccharide  of  Shigella  dysenteriae  type  1  by  sophisticated  syntheses,  and  have  mapped  the 
binding  area  of  a  monoclonal  antibody  towards  this  disease-causing  micro-organism.  In  this  manner,  the 
immuno-determinant  of  this  polysaccharide  could  be  defined. 

Both  the  variable  region  of  the  heavy  (VH)  and  the  light  (VL)  chains  have  been  cloned  and  sequenced, 
and  they  have  been  incorporated  in  a  bacterial  expression  vector.  The  VH  and  VL  are  linked  by  a  short 
DNA  sequence  coding  for  a  fifteen  amino  acid  peptide  so  that  the  expressed  protein  is  a  covalently 
linked  FV.  Expression  is  presently  going  on  in  E.  Coli. 
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SUMMARY  OF  WORK    (Use  standard  unreduced  type.   Do  not  exceed  the  space  provided  ) 

The  Behavioral  Pharmacology  Umt  is  directed  toward  the  assessment  of  pharmacological  agents 
designed  to  modify  the  behavioral  effects  of  substance  abuse,  using  monkey  self-administration  and 
drug  discrimination.  Other  capabilities  have  been  developed  to  explore  pharmacological  properties  of 
CNS-active  drugs,  in  an  effort  to  have  access  to  rodent  models  to  screen  effects  of  agent  before  testing- 
in  primates.  The  neuroendocrine  and  immune  function  in  plasma  of  drug-trained  monkeys  will  be 
examined  in  the  future,  and  PET  scanning  will  be  utilized  before  and  after  exposure  to  (ings  of  abuse  in 
order  to  determine  potential  changes  in  various  neurotransminer  systems  as  a  consequence  of  prior  drug 
exposure.  These  studies  are  uiiique  in  that  they  will  investigate  potential  differences  in  animals  working 
for  drug,  as  opposed  to  simple  non-contingent  exposure  to  drug.  Previous  studies  have  linked 
susceptibility  to  drug  abuse  with  individual  differences  in  susceptibility  to  stress  activation  of  the 
hypothalamic  pituitary  adrenal  (HPA)  axis.  The  primary  endogenous  agents  involves  in  the  HPA  axis 
are  corticotropin  releasing  hormone  (CRH),  adrenocorticotropic  hormone  and  Cortisol.  Several  studies 
have  been  directed  at  examining  the  behavioral  specificity  of  the  direct  effects  of  CRH  on  behavior. 

Behavioral  effects  of  beta-carfaohnes:  These  drugs  exhibit  profound  behavioral  effects,  and  may 


possibly  serve  as  a  pharmacological  model  of  stress  or  anxiety.  Our  results  with  these  drugs  suggest  that 
some  behavioral  effects  cf  inverse  agonists  may  not  be  strictiy  opposite  those  of  benzodiazepines. 

Effects  of  sigma  ligands:  Excitatory  amino  acids,  acting  at  the  NMDA  receptor,  have  been  postulated  to 


play  an  important  role  in  the  acquisition  of  behavior  Geaming).  Our  data  are  consistent  with  the  notion 
that  excitatory  amino  acid  blockade  prevented  the  development  of  a  learned  emotional  response, 
suggesting  a  potential  role  for  this  receptor  in  the  development  of  anxiety-related  disorders  in  humans. 

Behavioral  consequences  of  HIV  infection  -  the  role  of  GP120  in  dementia:  The  effects  of  recombinant 


and  purified  native  gp  120,  the  envelope  protein  of  human  immunodeficiency  virus  (HTV),  were 
assessed  on  the  acquisition  of  a  st)atial  discrimination.  It  was  found  that  gpl20  may  induce  cognitive 
impairment  in  HIV-infected  individuals,  possibly  through  the  interference  of  vasoactive  intestinal 
polypeptide-mediated  activity  in  the  central  nervous  system. 
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PEOSNIZ  IPIDSKIOLOGY  AND  CLINICAL  RZSSARCH  BKANCH 

Introduction 

The  Branch  conducts  epidemiologic  and  clinical  research  relating  to  the 
origin,  development  and  natural  history  of  non- insulin -dependent  diabetes  and  its 
coop  li  cat  ions,  and  obesity,  particularly  among  the  Pima  Indieun  population  of 
Arizona.  The  Branch  is  based  in  Phoenix,  Arizona  and  the  facilities  include  a 
field  clinic  located  in  the  Hu  Hu  Kam  Memorial  Hospital  at  Sacaton,  Arizona  on 
the  Gila  River  Indian  Reservation  and  the  clinical  research  center  in  the  Phoenix 
Indian  Medical  Center  in  Phoenix,  Arizona.  The  Branch  consists  of  three 
sections,  the  Clinical  Diabetes  and  Nutrition  Section,  irtiich  conducts  clinical 
research  and  laboratory  investigations,  the  Diabetes  and  Arthritis  Bpidemiology 
Section,  which  is  involved  primarily  with  the  epidemiological  and  genetic  studies 
in  the  Pima  Indian  population  residing  on  the  Gila  River  Indian  Reservation  and 
the  Biometry  and  Data  Management  Section  which  provides  data  mzmagement  and 
support  services  for  the  Bramch.  The  Branch  also  serves  as  a  WHO  Collaborating 
Center  in  Diabetes  assisting  other  units  and  collaborating  centers  in 
methodology,  design  and  analysis  of  epidemiological  and  clinical  research  studies 
in  non -insulin -dependent  diabetes  mellitus. 

The  longitudinal  study  of  the  development  of  diabetes  conducted  by  the 
Clinical  Diabetes  and  Nutrition  Section  (CDNS)  since  1982  has  previously  shown 
that  insulin  resistance  is  the  first  detectable  abnormality  that  ultimately  leads 
to  non- insulin -dependent  diabetes  mellitus  (NIDDM) .  Some  40  subjects  have  now 
developed  diabetes  out  of  the  approximately  300  subjects  who  entered  this  study. 
The  increasing  numbers  of  subjects  developing  diabetes  have  now  made  enabled  us 
to  demonstrate  among  the  subgroup  of  the  population  with  marked  insulin 
resistance  that  a  lower  acute  insulin  response  is  a  further  predictor  of  the 
likelihood  of  deconpensation  as  previously  predicted.  This  lends  further  support 
to  the  hypothesis  that  the  development  of  non -insulin -dependent  diabetes  occurs 
in  two  stages,  first  the  development  of  insulin  resistance  and,  secondly,  the 
development  of  an  inadequate  coopensatory  response  by  the  beta  cells  of  the 
pemcreas  to  the  continuing  of  amd  often  increasing  level  of  insulin  resistance. 

The  molecular  and  biochemical  basis  of  insulin  resistance  continue  to  be 
e^q^lored.  Based  on  previous  findings  of  reduced  insulin- stimulated  glycogen 
synthase  activity  in  skeletal  muscle  of  insulin  resistant  subjects,  studies  of 
the  enzymes  responsible  for  activating  glycogen  synthase  have  been  pursued.  A 
reduced  level  of  basal  activity  of  protein  phosphatase,  em  enzyme  responsible  for 
activation  of  glycogen  synthase  has  been  found  in  insulin  resistamt  8\abject8  and 
additional  isoforms  of  this  enzyme  in  skeletal  muscle  have  been  recognized  by  the 
Section.  Insulin  resistance,  however,  is  also  accoopanied  by  abnormalities  in 
insulin  activation  of  S6  kinase  and  abnormalities  in  the  insulin  regulation  of 
MRNAs  of  several  other  proteins .  Because  a  number  of  these  pathways  are  abnormal 
in  insulin  resistauit  subjects  the  Section  has  recently  focused  on  the  possibility 
of  abnormalities  in  the  protein  tyrosine  phosphatases,  enzymes  irtiich  inhibit  the 
activity  of  insulin  receptor  tyrosine  kinase  on  various  substrates.  Insulin 
resistamt  subjects  have  been  shown  to  have  increased  basal  protein  tyrosine 
phosphatase  activity  which  fails  to  Bvppr'«ss  in  response  to  insulin  infusion. 
There  are,  however,  several  protein  tyrosine  phosphastases  present  in  skeletal 
muscle,  amd  work  to  determine  lAich  of  these  isoforms  is  aibnormal  in  insulin 
resistant  sxibjects  is  underway. 

Previously  reported  evidence  of  genetic  linkage  between  insulin  resistance 
and  a  locus  on  chromoscoie  4q  has  been  extended.  Evidence  for  linkage  with  all 
known  polymorphic  probes  on  the  long  arm  of  chromoscoie  4  has  been  sought  and  the 
locus  for  the  site  which  is  related  to  insulin  resistamce  has  been  narrowed  to 
within  fi  5  centimorgans  distance  in  the  region  4q26  and  probably  lies  between  the 
locus  for  ANX5  and  FABP2 .  In  order  to  attenpt  to  identify  the  specific  gene 
involved,  several  overlapping  YAC  clones  of  this  region  are  presently  being 
examined  to  identify  polymorphic  sequences  in  this  region  and  ultimately  the 
specific  gene  in  this  region  which  is  responsible  for  the  observed  genetic 
linkage  with  insulin  resistance. 


458 


Obesity  is  an  inportant  determinant  of  the  risk  of  developing  non- insulin- 
dependent  diabetes.  Among  the  Pima  Indians  familial  aggregation  of  several 
traits  associated  with  the  development  of  obesity  have  been  identified,  that  are 
associated  with  eibnonnalities  of  metabolic  rate.  Recent  studies  have  shown  that 
reduced  body  teoperature  and  reduced  syinpathetic  nervous  system  activity  are 
associated  with  obesity  and  reduced  metabolic  rate  in  the  Pima.  Direct 
measurement  of  sympathetic  outflow  has  shown  reduced  activity  among  the  Pima  as 
ccoipared  to  Caucasians,  and  we  hypothesise  that  this  abnormality  and  its 
associated  reduction  in  metaibolic  rate  may  predispose  to  the  devel^sment  of 
obesity  among  the  Pima. 

Studies  of  muscle  lipoprotein  lipase  activity,  lAich  is  inversely  related 
to  the  respiratory  quotient  have  also  been  conducted  to  explore  the  possibility 
that  abnormalities  in  lipid  oxidation  may  be  present  in  those  irtio  will 
subsequently  become  obese.  These  investigations  are  based  on  the  fact  that  irtiile 
increased  carbohydrate  and  protein  intake  lead  to  increases  in  oxidation  of  these 
substrates,  in  contrast,  an  increased  intake  of  fat  is  not  acccopanied  by  an 
increase  in  fat  oxidation.  The  lack  of  such  a  response  would  lead  to  obesity  if 
fat  intaJce  were  excessive. 

The  longitudinal  studies  of  risk  factors  for  diabetes  and  vascular 
ccotplications  in  the  total  Pima  Indian  community  residing  on  the  Gila  River 
Indian  Reservation  conducted  by  the  Diabetes  and  Arthritis  Epidemiology  Section 
has  been  continued.  During  the  past  year  particular  emphasis  has  been  placed  on 
testing  and  assembling  families  that  are  potentially  informative  with  respect  to 
the  genetics  of  NIDDM  itself,  euid  also  to  diabetic  nephropathy,  which  the  section 
has  previously  shown  to  aggregate  within  diabetic  families.  Lynphoblast  cultures 
have  been  established  in  a  high  proportion  of  living  relatives  within  such 
families.  DNA  from  such  families  is  now  being  extensively  probed  for  genes  that 
relate  to  diabetes  itself,  insulin  resistance,  and  diabetic  renal  disease. 

These  activities  are  described  more  fully  in  the  individual  section 
summaries . 

Awards.  Invited  Lectures  and  Other  Activities 

P.B.  Bennett,  N.B.,  F.R.C.P.,  P.F.C.M. 

European  Association  for  the  Study  of  Diabetes  Claude  Bernard  Lectureship  for 
Distinguish  Contributions  to  Diabetes  Research. 

Editorial  Activities 

Consultant  3ditor  for  Diabetes,  and  for  Diabetes  and  Metabolism  Reviews;  Advisory 
Board  Acta  Diabetologica;  Associate  Editor  Journal  of  Public  Health  Medicine;  and 
Americam  Journal  of  Bpidemioloav. 

Foreign  Activities 

Invited  Speaker,  South  Pacific  Commission,  Diabetes  Course,  Noumea,  New 
Caledonia,  October  21-25,  1991 

Guest  SpeeUter,  Israel  Diabetes  Association,  Tel -Aviv,  Israel,  Jauiuaxy  27-29,  1992 

Invited  Speaker,  Society  for  Endocrinology,  Metabolism,  and  Diabetes  of  Southern 
Africa,  Durban,  South  Africa,  March  3-6,  1992 

Invited  Speaker,  University  of  CapeTown,  CapeTown,  South  Africa,  March  9,  1992 

Invited  Speaker,  University  of  Bloemfontein,  Bloemfontein,  South  Africa,  March 
10,  1992 

Invited  Speaker,  University  of  Withwaterstrand,  Johannesburg,  South  Africa,  March 
12,  1992 
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Invited  Speaker,  Sigrid  Juselius  Foundation  Synpoeium  on  Genetic  Epidemiology  of 
Cardiovascular  Disease  in  Diabetes,  Helsinki,  Finland,  June  1-4,  1992 

Other  Activities 

Buerki  Visiting  Professor,  Henry  Ford  Hospital,  Detroit,  Michigan,  November  6-7, 
1991 

Kelly  West  Memorial  Lecture,  University  of  Oklahoma,  Oklahoma  City,  Oklahoma, 
April  7,  1992 

Invited  Speaker,  Christopher  Columbus  Quincentenary  Meeting:  Aging-The  Quality 
of  Life,  Washington,  D.C.,  February  10-11,  1992 

Clinical  Dlab«t«s  and  Nutrition  S«ction 

The  scientific  mission  of  the  section  is  to  determine  the  etiology  and 
pathogenesis  of  non- insulin  dependent  diabetes  mellitus  (NIDDM)  as  it  occurs 
among  the  Pima  Indians  of  Arizona.  To  achieve  this  goal  our  major  effort  has 
been  a  cross -sectional  and  longitudinal  study  of  non-diabetic  Pima  Indians  to 
determine  the  metabolic  factors  that  are  predictive  of  the  subsequent  development 
of  diabetes  and  how  those  factors  change  during  the  progression  from  normal 
glucose  tolerance  to  NIDDM.  To  date,  these  studies  have  indicated  that  insulin 
resistance  is  the  major  risk  factor  for  the  development  of  NIDDM  in  the 
population  and  that  a  relatively  low  insulin  secretory  response  is  an  additional 
minor  risk  factor.  In  addition,  obesity  is  an  independent  risk  factor  for  the 
development  of  the  disease,  which  possibly  acts  by  worsening  insulin  resistance. 
As  a  result  of  these  observations,  we  are  now  attempting  to  identify  the 
mechanisms  of  insulin  resistance  in  the  population  at  the  biochemical  emd 
molecular  level.  In  addition,  we  are  studying  factors  that  may  contribute  to 
individual  variations  in  the  insulin  secretory  response.  Finally,  since  obesity 
is  also  a  major  risk  factor  for  the  disease,  we  are  studying  causes  of  obesity 
in  the  population. 

Cross -sectional  and  longitudinal  study  of  the  development  of  NIDDM 

A  cross -sectional  and  longitudinal  study  of  a  subset  of  the  Pima  Indism 
population  was  initiated  in  1982  with  the  specific  aims  of:  1)  to  identify  the 
metabolic  characteristics  which  are  predictive  of  the  development  of  NIDDM,  and 
2)  to  document  the  sequence  of  metabolic  events  that  occur  during  the  transition 
from  normal  to  inpaired  glucose  tolerance  to  NIDDM.  Approximately  300  subjects 
have  been  entered  into  the  study  and  are  restudied  annually.  Today, 
approximately  4  0  individuals  have  developed  NIDDM  during  the  course  of  these 
studies. 

Risk  factor  analyses  of  these  data  indicate  that  obesity  is  an  ioportant 
risk  factor  for  the  development  of  the  disease,  as  previously  observed  in  the 
population-based  study.  In  addition,  the  analyses  demonstrate  that  insulin 
resistance  is  a  major  risk  factor  for  the  development  of  NIDDM  and  that  this 
effect  is  additional  to  the  effects  of  obesity.  Furthermore,  among  insulin 
resistant  subjects,  those  with  a  lower  acute  insulin  response  have  a  slightly 
greater  risk  of  developing  the  disease.  These  data  suggest  that  the  reason 
there  is  such  a  high  prevalence  of  NIDDM  in  the  Pima  population  is  their  greater 
degree  of  insulin  resistance.  The  insulin  resistance  is  a  result  not  only  of  the 
greater  prevalence  of  obesity  in  the  population,  but  results  from  other  factors, 
such  as  possible  genetic  determinants. 

Mechemisms  of  insulin  resistance.  Since  insulin  resistance  is  a  major  risk 
factor  for  the  development  of  NIDDM  in  the  population,  we  have  pursued  studies 
of  the  underlying  mechanism  of  insulin  resistamce  using  physiologic  experiments, 
combinations  of  in  vivo  and  in  vitro  studies,  and  genetic  approaches. 
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Since  recent  etudies  in  experimental  animals  suggest  there  is  a  large 
arterial/interstitial  fluid  insulin  gradient,  we  undertook  studies  to  determine 
whether  this  gradient  exists  in  humans  and  whether  it  is  greater  in  subjects  with 
insulin  resistance.  Techniques  were  developed  to  simultaneously  measure  arterial 
and  interstitial  fluid  insulin  concentrations  during  insulin  infusion.  The 
results  of  these  studies  indicate  that  there  is  a  large  arterial/interstitial 
fluid  insulin  gradient  in  humans,  but  that  the  magnitude  of  this  gradient  is 
similar  in  insulin  resistant  and  insulin  sensitive  subjects. 

Previous  in  vivo  experiments  have  demonstrated  that  a  major  tissue  of 
insulin  resistance  in  the  Pima  population  is  at  the  level  of  skeletal  nniscle. 
Studies  have  therefore  been  undertaken  to  study  the  insulin  regulation  of 
skeletal  muscle  metabolism  by  performing  insulin  infusions  with  simultaneous 
percutaneoir  muscle  biopsies  of  the  vastus  lateralis  to  obtain  tissue  for  in 
vitro  analysis.  In  the  past,  these  studies  have  demonstrated  that  there  are 
several  characteristics  of  muscle  from  insulin  resistamt  subjects  that  are  normal 
under  basal  conditions  and  in  response  to  insulin.  These  included  insulin 
binding,  insulin  receptor  tyrosine  kinase  activity  and  casein  kinase  II  activity. 
Abnormal  responses  have  also  been  foijnd;  in  particular,  the  insulin  stimulation 
of  glycogen  synthase  activity  is  reduced  in  insulin  resistamt  subjects.  This  has 
been  further  explored  by  studying  the  activity  of  protein  phosphatase  I  (PPl) 
which  is  the  enzyme  that  dephosphorylates  and  activates  glycogen  synthase.  The 
basal  activity  of  this  enzyme  is  reduced  in  insulin  resistant  subjects  as  is  the 
response  to  insulin.  Ongoing  studies  of  this  enzyme  indicate  that,  in  contrast 
to  previous  dogma,  there  is  more  than  just  the  PPl  alpha  form  of  the  enzyme  in 
human  skeletal  muscle.  Which  of  these  isoforms  is  most  abnormal  in  insulin 
resistant  subjects  is  under  study. 

In  addition  to  the  abnormalities  of  glycogen  synthase  activation  and  PPl 
activity,  abnormalities  of  insulin  activation  of  S6  kinase  and  abnormal  insulin 
regulation  of  mRNAs  of  several  proteins  have  been  found.  Thus,  there  ^>pear  to 
be  many  abnormally  regulated  metabolic  pathways  in  skeletal  muscle  of  insulin 
resistant  subjects.  We  therefore  have  focused  attention  on  the  protein  tyrosine 
phosphatases  (PTPases)  which  may  inhibit  the  action  of  the  insulin  receptor 
tyrosine  kinase  on  several  sxibstrates.  The  basal  PTPase  activity  of  insulin 
resistant  subjects  (in  the  particulate  fraction  of  muscle  biopsies)  is  increased, 
and,  following  insulin  infusion,  there  is  a  suppression  of  solvible  PTPase 
activity  in  normal  subjects  that  is  not  observed  in  insulin  resistant  subjects. 
This  suggests  that  abnormalities  of  PTPase  activity  may  inhibit  the  tyrosine 
kinase  activity  of  the  insulin  receptor  and  inhibit  the  insulin  signal 
transduction  in  insulin  resistant  subjects.  We  have  identified  several  PTPases 
in  human  skeletal  muscle  and  which  of  these  is  the  insulin  regulated  form  is  now 
under  investigation. 

In  addition  to  these  classical,  biochemical  ^preaches  to  understanding 
insulin  resisteuice,  we  have  also  begun  a  molecular  genetic  approach  to  identify 
potential  genetic  abnormalities  leading  to  insulin  resistance  in  the  Pima 
Indians.  Initial  studies  indicated  possible  linkage  between  the  glycophorin  A/B 
locus  on  chrooiosone  4q  (determining  the  MNSs  blood  groiq>s)  and  insulin  action  in 
the  Pimas .  This  was  confirmed  by  detecting  linkage  between  other  markers  of 
chrcDioscme  4q,  in  particular  FABP2  and  ANX5  in  the  region  of  4q26.  There  is  no 
known  candidate  gene  for  insulin  resistance  in  this  region  so  we  axe  using  yeast 
artificial  chromosomes  to  obtain  DNA  frooi  this  region  to  identify  a  possible 
camdidate  gene  for  insulin  resistance.  In  addition,  we  are  searching  for  other 
genetic  determinants  of  insulin  resistamce  by  looking  for  linkage  with  various 
markers  on  chromosome  19  and  chromosame  11. 

Mechanisms  of  reduced  insulin  secretory  responses.  Since  individuals  with  a 
relatively  low  acute  insulin  response  in  this  population  have  a  slightly 
increased  risk  of  developing  NIDDM,  we  have  also  been  interested  in  identifying 
factors  that  determine  individual  variation  in  insulin  secretory  responses.  The 
phenotype  we  have  used  is  the  acute  insulin  response  to  an  acute  intravenous 
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bolus  of  glucoBe.  Acute  insulin  response  aggregates  families  and  has  a  frequency- 
distribution  that  is  quite  different  from  a  unimodal  distribution.  These  data 
suggested  that  there  may  be  genetic  determinants  of  the  acute  insulin  response. 

To  search  for  possible  genes  determining  the  acute  insulin  response,  we 
have  performed  sibpair  linkage  analyses  with  various  candidate  genes.  The 
initial  studies  indicate  no  linJtage  between  the  glucokinase  locus  and  the  acute 
insulin  response.  There  are,  however,  some  preliminary  indications  of  possible 
linkage  between  the  GLDT2  locus  (glucose  transporter)  and  the  acute  insulin 
response  in  the  Pimas.  Studies  are  now  landerway  to  screen  a  large  number  of 
individuals  with  a  high  or  low  acute  insulin  response  for  mutations  of  a  GLDT2 
exon  by  using  the  single  stranded  confirmation  polymorphism  (SSCP)  technique. 

Obesity.  Obesity  is  extremely  prevalent  among  the  Pima  Indians  and  is  an 
inportant  risk  factor  for  the  development  of  NIDDM,  mostly  due  to  its  worsening 
effect  on  insulin  sensitivity.  For  that  reason,  a  major  focus  has  been  to 
identify  possible  metabolic  factors  leading  to  the  develoiHnent  of  obesity  in  the 
Pima  population.  Since  we  found  that  metabolic  rate  is  a  familial  trait  and  that 
a  low  relative  metabolic  rate  is  a  risk  factor  for  weight  gain,  we  have  sought 
to  identify  the  major  determinants  of  metabolic  rate.  Using  the  indirect 
calorimetry  method,  both  in  a  respiratory  chamber  and  in  ventilated  hood  systems, 
we  found  that  the  metabolic  rate  varies  between  individuals  more  than  can  be 
e^qplained  by  individual  differences  in  body  size,  body  cooposition,  age  amd  sex. 
Interestingly,  females  have  lower  metabolic  rates  than  males  independently  of 
differences  in  body  size  and  body  cootposition.  Independently  of  the  differences 
in  body  weight,  body  coo^josition,  age  and  sex,  we  also  found  that  both  body 
temperature  and  sympathetic  nervous  system  (SNS)  activity  are  related  to 
metabolic  rate.  Using  micronerve  recording,  we  recently  identified  that  Pima 
Indians  have  lower  synpathetic  nervous  outflow  ccopared  to  Caucasian  volunteers. 
In  both  races,  in  response  to  body  weight  gain,  there  is  an  increase  in  SNS 
activity  which  is  much  smaller  in  Pima  Indians  than  in  Caucasians.  Finally,  this 
new  technique  has  confirmed  previously  collected  data  showing  that  SNS  activity 
is  related  to  metaJDOlic  rate  in  Caucasians,  but  not  in  Pima  Indians.  This  new 
line  of  investigation  has  yielded  the  first  major  difference  which  we  have  found 
in  possible  etiological  factors  for  obesity  in  Pima  Indians  con5)ared  to 
Caucasians . 

Growing  evidence  indicates  that  carbohydrate  and  protein  stores  are  closely 
controlled  since  increasing  the  intake  and  of  these  nutrients  stimulates  their 
oxidation  rates  proportionally.  Thus,  chronic  imbalance  between  intake  and 
oxidation  of  non-fat  nutrients  cannot  lead  to  obesity.  On  the  other  haund,  fat 
stores  are  not  controlled  and  the  capacity  for  expansion  is  enormous.  Since  an 
increase  in  fat  intake  does  not  stimulate  fat  oxidation  during  spontaneous 
overfeeding,  one  can  state  that  obesity  is  due  mostly  to  long  standing  positive 
fat  balance  which  may  be  due  either  high  fat  intake  or  inpaired  fat  oxidation. 
In  longitudinal  studies,  we  have  found  that  a  low  ratio  of  fat  to  carbohydrate 
oxidation  is  a  risk  factor  for  subsequent  body  weight  gain.  We  therefore 
examined  possible  mechanisms  involved  in  the  storage  and  the  oxidation  of  lipids 
in  the  body.  We  found  that  skeletal  muscle  lipoprotein  lipase  (LPL)  activity 
correlated  inversely  with  24 -hour  respiratory  quotient  indicating  that  those 
subjects  with  a  low  fat  to  carbohydrate  oxidation  ratio  had  also  a  low  skeletal 
muscle  LPL  activity.  Muscle  LPL  activity  may  be  a  regulating  factor  of  the 
skeletal  muscle  fatty  acid  uptake  and  oxidation  and  therefore  might  play  a  role 
in  the  etiology  of  obesity.  Our  findings  also  suggest  that  differences  in  muscle 
fiber  types  can  account  for  part  of  the  interindividual  variability  in  muscle 
oxygen  uptake  and  that  muscle  mitochondrial  oxidative  and  high  energy  phosphate 
metabolism  enzymes  are  inversely  related  to  the  ratio  of  carbohydrate  to  fat 
oxidation.  The  role  of  SNS  activity  on  fuel  utilization  remains  to  be 
established. 

In  many  experimental  models,  a  low  metabolic  rate  relative  to  body  size  is 
associated  with  hyperphagia.  For  that  reason,  we  have  initiated  studies  of  ad 
libitum  intake  using  an  automated  food  selection  system  (vending  machines)  .  When 
siibjects  are  e3q>osed  to  a  wide  choice  of  food  items  they  tend  to  spontaneously 
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overeat  causing  a  positive  fat  balance  and  increased  fat  stores.  The  number  of 
Biibjects  studied  is  presently  not  sufficient  to  assess  the  relationship  between 
energy  expenditure  and  food  intake.  We  plan  to  conduct  a  study  of  food  intake 
and  its  relationship  to  fuel  utilization  cooparing  a  low  vs.  a  high  fat  diet 
using  these  vending  machines.  Finally,  due  to  the  strong  genetic  basis  of 
obesity  and  to  an  association  between  blood  groups  (ABO)  and  body  mass  index  in 
the  Pima  population,  we  plan  to  initiate  a  molecular  genetic  approach  to  identify 
genetic  abnormalities  leading  to  obesity  in  the  population. 

Invited  Lectures  and  Invited  Participation  in  Symposia 

Clifton  Bogardus,  M.D. 

"Inpaired  Skeletal  Muscle  Glyco^e  lesis  as  a  Cause  of  Insulin  Resistance  in  Man", 
Mid-Atlantic  Research  Synposium,  Bethesda,  Maryland,  September,  1991 

"Etiology  and  Pathogenesis  of  NIDDM",  East  Orange  VA  Medical  Center,  Bast  Orange, 
New  Jersey,  January,  1992 

"Causes  of  Insulin  Resistance  in  the  Pathogenesis  of  NIDDM" ,  East  Oramge  VA 
Medical  Center,  Sast  Orange,  New  Jersey,  January,  1992 

"Genetics  of  Non- Insulin  Dependent  Diadsetes  and  Obesity",  Western  Metabolism  Cltib 
Conference,  Carmel,  California,  February,  1992 

"Obesity,  Genetics  and  Insulin  Resistance  as  Risk  Factors  for  Type  II  Diabetes", 
AGING:  The  Quality  of  Life  Conference,  Washington,  D.C.,  February,  1992 

Eric  Ravussin,  Ph.D. 

"Energy  Metabolism  in  Obesity"  and  "Energy  Balance  vs.  Nutrient  Balance  at 
Carbohydrate  in  our  Lives",  South  African  Sugar  Association,  Drakensberg,  South 
Africa,  September,  1991 

"Energy  Metabolism  and  Fuel  Utilization  in  Obesity",  Sixth  Asian  Congress  of 
Nutrition,  Kuala  Lunpur,  Malaysia,  September,  1991 

"Energy  Expenditure  and  Pathophysiology  of  Obesity",  Sixth  Asian  Congress  of 
Nutrition,  Kuala  Lunpur,  Malaysia,  September,  1991 

"Genetic  Factors  in  Obesity  and  Insulin  Resistance:  Lessons  learned  from  the  Pima 
Indians",  VIII  Brazilliem  DizLbetes  Congress,  Fortaleza,  Brazil,  1991 

"Obesity  and  Thermogenesis :  Update",  IV  International  Synposium  of  Obesity, 
Salvador,  Bahia,  Brazil,  November,  1991 

"Energy  Metabolism  in  Obesity",  American  College  of  Nutrition,  Clearwater, 
Florida,  October,  1991 

"Fuel  Utilization  in  Obesity",  First  Maastricht  Nutrition  Synposium,  Maastricht, 
The  Netherlands,  February,  1992 

"Determinants  of  Energy  Expenditure  in  Man:  Bnph&sis  on  Synpathetic  Nervous 
System  Activity",  University  of  Auckland,  Auckland,  New  Zealand,  July,  1992 

"Energy  Metabolism  in  Obesity:  Calorie  vs.  Nutrient  Balance",  Australasian 
Society  for  the  Study  of  Obesity  Inaugural  Scientific  Meeting,  Sydney,  Australia, 
July,  1992 

"Obesity  and  Diabetes:  Lessons  from  the  Pima  Indians",  Australasian  Society  for 
the  Study  of  Obesity  Inaugural  Scientific  Meeting,  Sydney,  Australia,  July,  1992 
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Dlab«t«B  and  Arthritis  Ipidamiology  Ssction 

The  Diabetes  and  Arthritis  Epidemiology  Section  has  continued  the 
longitudinal  studies  of  genetic  and  environmental  risk  factors  for  diabetes  and 
its  vascular  coniplicationB  in  the  Pima  Indians,  as  well  as  continuing 
epidemiologic  studies  of  arthritis,  cholelithiasis,  mortality  rates,  and  causes 
of  death. 

Genetics  of  NIDDM.  The  long  follow-up  provided  by  this  study  yields  increasingly 
valuable  data  on  cootplications  of  diabetes  and  the  transmission  of  susceptibility 
to  diabetes  and  its  conpli  cat  ions  from  one  generation  to  the  next.  At  least  part 
of  the  susceptibility  to  diabetes  a^jpears  to  be  transmitted  by  a  major  autosotnal 
gene,  but  there  is  also  evidence  for  effects  of  other  genes  and  for  nongenetic 
factors  such  as  obesity  and  physical  inac^ivity.  To  identify  susceptibility 
genes,  in  collaboration  with  the  CDNS,  DNA  san^les  have  been  collected  and  BBV- 
transformed  lynphocyte  cultures  have  been  established  from  members  of  families 
informative  for  linJcage  analysis.  Linkage  analysis  of  DNA  polymorphisms 
indicates  the  existence  of  a  gene  on  chrcmosooie  4q  influencing  insulin  resistance 
2uid  susceptibility  to  diabetes. 

Glucose  Intolerance  in  Pregnancy.  The  study  of  glucose  tolerjmce  in  pregnamt 
women,  combined  with  regular  follow-up  of  these  wotnen  and  their  offspring,  yields 
data  on  the  long-term  effects  of  diabetes  and  impaired  glucose  tolerance  in 
pregnancy.  Offspring  of  diabetic  women  had  higher  rates  of  obesity  at  every  age 
than  offspring  of  nondiabetic  and  prediabetic  women.  This  finding  was  more 
marked  in  the  younger  age  groups,  suggesting  that  the  effects  of  the  diabetic 
pregnancy  are  seen  mainly  in  childhood  and  adolescence  and  that  other  causes  of 
obesity  become  more  in^sortant  in  early  adulthood.  There  is  little  difference  in 
rates  of  obesity  between  offspring  of  nondiabetic  and  prediabetic  women  at  any 
age.  Few  cases  of  dieibetes  developed  before  the  age  of  10  years.  However,  in 
older  age  groups,  the  offspring  of  diabetic  women  had  a  much  higher  prevalence 
of  diabetes  than  either  of  the  other  two  groups.  Before  the  age  of  25  years,  the 
offspring  of  nondiabetic  and  prediabetic  women  had  similar  rates  of  diabetes. 
Thus,  the  metabolic  abnormalities  associated  with  the  diabetic  pregnancy  result 
in  long-term  effects  on  the  offspring  including  obesity  and  diabetes  which  in 
turn  may  contribute  to  tramsmission  of  risk  for  developing  the  same  problems  to 
the  next  generation. 

Pima  Indian  women  receiving  an  oral  glucose  tolerance  test  during  pregnauicy 
were  tested  again  an  average  of  10  years  later.  Non- insulin -dependent  diabetes 
developed  three  times  as  frequently  in  women  who  had  had  a  2 -hour  post -load 
plasma  glucose  concentration  of  at  least  140  mg/dl  than  in  women  with  lower  post- 
load  glucose  concentrations.  However,  women  who  developed  impaired  glucose 
tolerauice  during  pregnancy  were  at  a  lower  risk  of  developing  diabetes  than  were 
women  who  had  impaired  glucose  tolerance  when  not  pregnant. 

Vas(?vlar Complications.    Major  diaibetes  ccoplications  vinder  study  are 

nephropathy,  end  stage  renal  disease,  retinopathy,  coronary  heart  disease  (CHD) , 
and  lower  extremity  anputation.  All  of  these  conplications  except  CHD  develop 
at  least  as  frequently  in  the  Pima  Indian  population  with  NIDDM  as  in  people  with 
insulin -dependent  diabetes.  Glycosylated  hemoglobin  was  found  to  be  very 
effective  in  screening  for  diabetes  (as  defined  by  World  Health  Organisation 
criteria)  and  in  predicting  cootplications  in  persons  with  diabetes.  Because  of 
its  ease  of  sanpling  in  outpatient  conditions  (requiring  only  a  single,  non- 
fasting  blood  sanple)  it  can  be  more  widely  used  for  diabetes  detection. 

Patients  with  more  extreme  hyperglycemia  at  the  diagnosis  of  diabetes  are 
more  likely  to  require  insulin  treatment  during  the  course  of  their  disease, 
which  in  turn  indicates  a  higher  risk  of  most  vascular  conpli  cat  ions.  This 
suggests  that  diaibetes  in  this  population  may  be  heterogeneous  in  terms  of  its 
severity  emd  risk  of  corplications.  The  influence  of  the  severity  of 
hyperglycemia  at  diagnosis  and  of  blood  pressure  prior  to  diagnosis  of  diabetes 
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on  subsequent  risk  of  nephropathy  suggest  that  the  course  of  diabetes  is 
determined  in  part  by  conditions  existing  at  or  even  before  the  onset  of 
diabetes. 

In  collaboration  with  investigators  front  The  Cleveland  Clinic  and  Stanford 
University,  we  are  performing  a  detailed  study  of  renal  function  in  Pimas  with 
normal  or  ioqpaired  glucose  tolerance  or  diabetes  of  short  or  long  duration. 
These  groups  are  ccotpared  with  respect  to  glomerular  filtration  and  pore  size 
distribution,  and  these  functional  measures  will  be  related  to  blood  pressure, 
degree  of  hyperglycemia,  and  disease  progression  during  subsec[uent  follow-up. 
The  study  indicates  a  defect  in  glomerular  pore  size  is  presently  early  in  the 
course  of  diabetes  without  a  major  change  in  glomerular  filtration  rate. 

Other  Activities.  Section  staff  continue  to  be  actrv»  in  medical  research  and 
education  beyond  the  projects  described  here.  Staff  collaborate  extensively  in 
research  projects  conducted  by  the  CDNS  and  the  National  Center  for  Health 
Statistics.  They  continue  lecturing  at  vmiversities  and  contribute  to  national 
and  international  meetings  and  workshops. 

Invited  Lectures  and  Invited  Participation  in  Symposia 

William  C.  Knowlar 

Visiting  Professor,  Department  of  Community  Health  Sciences,  Lund  University, 
Dalby,  Sweden  (supported  by  the  Swedish  Medical  Research  Council) ,  1990- 

Pathophysiology  and  Genetics  of  NIDDM  and  its  Cooplications  in  the  Pima  Indians, 
Workshop  on  DieJ^etes  in  Minority  Populations,  University  of  Hawaii  at  Manoa, 
Honolulu,  Hawaii,  November  14-16,  1991 

The  Genetics  of  Type  II  Diabetes,  4th  International  Diabetes  Conference:  Current 
Topics  in  Diaibetes  Research,  Florence,  Italy,  March  18,  1992 

David  J.  Pettitt 

Diabetes  and  pregnancy  -  vniat  we  have  learned  from  the  Pima  studies .  Diabetes 
in  Alaska  1991.  Alaska  Native  Medical  Center,  Anchorage,  Alaska,  December  4, 
1991 

Leuidmark  studies  of  diabetes  in  Native  People  -  The  Pima  studies.  Diabetes  in 
Alaska  1991.  Alaska  Native  Medical  Center,  Anchorage,  Alaska,  December  5,  1991 

Report  of  Gestational  Diabetes  Research  on  Pimas  -  Genetic  Predisposition  and 
Intrauterine  Environment  as  Risk  Factors  for  Diabetes.  Indian  Health  Service  and 
Tribal  health  care  providers'  workshop.  Phoenix,  Arizona,  January  29,  1992 

The  long-term  effects  of  diabetic  pregnancy  on  the  offspring  -The  Pima  Indian 
Experience.  First  International  Synposium  on  Diabetes  and  Pregnancy  in  the  90' s, 
Tel  Aviv,  Israel,  J^ril  2,  1992 

Long  term  outcome  of  offspring  of  gestational  and  type  II  diabetics.  Phoenix 
Indian  Medical  Center  Clinical  Staff  Conference,  Phoenix,  Arizona,  April  29,  1992 

Abnormal  glucose  tolerance  in  Pima  Indian  Pregnancies:  Isplications  for  the 
mother  and  child.  Diabetes  Workshop  at  the  5th  Annual  IHS  Research  Conference, 
Tucson,  Arizona,  May  5,  1992 

Abnormal  glucose  tolerance  in  Pima  Indian  Pregnancies:  Inplications  for  the 
mother  and  child.  Workshop  for  the  Oklahoma  City  Area  Indian  Health  Service 
Diabetes  Multidisciplinary  Committee,  Oklahoma  City,  Oklahoma,  August  20,  1992 
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SUMMARY  OF  WORK  (Urn  tfndud  imrmtuoml  ryp«.  Do  ncK  mxo»ml  tin  tpaco  pnvkhd.) 

The  purpose  of  this  project  is  to  identify  the  determinants  of  non- insulin- 
dependent  diabetes  (NIDDM) ,  various  types  of  arthritis,  and  gallbladder  disease, 
auid  elucidate  the  natural  history  of  the  diseases.   Genetic  and  environmental  risk 
factors  for  NIDDM  have  been  studied  in  the  Pima  Indians.   The  residents  of  the 
study  area,  approximately  5000  people,  have  participated  in  a  longitudinal 
population  study  since  1965,  allowing  observations  of  the  natural  history  of 
diaOsetes  mellitus.   Risk  factors  for  obesity,  hypertension,  juid  cholelithiasis  are 
also  studied,  along  with  the  relationships  of  these  diseases  to  diabetes  amd  their 
effects  on  mortality  rates.   The  genetics  of  diabetes  is  studied  by  means  of  family 
studies  and  relationships  of  genetic  markers  to  disease.   The  roles  of  obesity, 
serum  insulin  concentrations,  inpaired  glucose  tolerance,  occupational  and  leisure - 
time  physical  activity  and  diabetes  in  relatives  are  assessed. 
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The  purposes  of  the  project  are  to  determine  the  effects  of  abnormal  glucose 
tolerance  on  outcome  of  the  pregnemcy,  to  determine  long  term  prognosis  for  the 
women  and  their  offspring,  and  to  identify  diabetes  and  inpaired  glucose  tolerance 
during  pregnancy  in  women  in  the  Gila  River  Indian  Ccoimunity.   Women  with  inpaired 
glucose  tolerance  during  pregnancy  were  at  a  higher  risk  of  developing  diabetes 
within  10  years  than  were  women  with  normal  glucose  tolerance.   However,  they  were 
at  a  lower  risk  than  women  who  developed  impaired  glucose  toleramce  in  the  absence 
of  pregnauicy.   Infants  of  diaibetic  mothers  are  more  likely  than  infants  of 
nondiadjetic  mothers  to  exhibit  macrosomia,  prematurity,  perinatal  mortality,  and 
congenital  malformations.   Offspring  of  diabetic  women  are  also  at  an  increased 
risk  of  developing  obesity  and  glucose  intolerance  during  childhood  and  young 
adulthood.   By  means  of  a  glucose  tolerance  test  as  well  as  chart  review,  the 
diabetes  status  of  every  woman  is  determined  at  two-yearly  intervals  and  during  the 
third  trimester  of  each  pregnancy.  The  characteristics  of  women  irtio  have  diabetes 
or  iopaired  glucose  tolerance  during  the  pregnancy  are  coopared  with  those  of  women 
who  are  normal  during  the  pregnancy  and  subsequently  develop  diabetes  and  with 
those  of  women  -^faa   remain  normal.   These  women  and  their  offspring,  after  the  age 
of  5  years,  are  followed  at  two  yearly  intervals  and  glucose  toleramce  tests  are 
performed  which  include  measurements  of  glucose  and  insulin.   The  offspring  of 
diabetic  women  had  higher  rates  of  obesity  at  every  age  than  did  offspring  of 
nondiabetic  and  prediabetic  women.   Itiis  finding  was  more  marked  in  the  yoionger  age 
groves,  suggesting  that  the  effects  of  the  diabetic  pregnancy  are  seen  mainly  in 
childhood  and  adolescence  and  that  other  causes  of  obesity  became  more  important  in 
early  adulthood.   There  was  little  difference  in  rates  of  obesity  between  offspring 
of  nondiabetic  and  prediabetic  women  at  any  age.   Pew  cases  of  diabetes  developed 
before  the  age  of  10  years,  however,  in  older  age  groups,  the  offspring  of  diaibetic 
women  had  a  much  higher  prevalence  of  diabetes  than  either  of  the  other  two  groups. 
Before  the  age  of  25  years,  the  offspring  of  nondiabetic  and  prediaibetic  women  had 
similar  rates  of  diaibetes.   Thus,  the  metaUoolic  abnormalities  associated  with  the 
diabetic  pregnamcy  result  in  long-term  effects  on  the  offspring  including  obesity 
and  diabetes  which  in  turn  may  contribute  to  transmission  of  risk  for  developing 
the  same  problems  to  the  next  generation. 
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The  causes  of  death  and  postmortem  characteristics  of  Pima  Indians  of  the 
Gila  River  Indian  Coomunity  are  investigated  so  that  findings  in  subjects  with  and 
without  diabetes  mellitus  can   be  correlated  with  studies  in  living  subjects. 
Medical  records  are  reviewed  for  the  determination  of  cause  of  death  and  for  the 
occurrence  of  certain  serious  diseases  or  cooplications  of  diabetes. 

The  purpose  of  the  study  is  to  relate  the  outcome  and  cause  of  death  to 
events  or  risk  factors  measured  in  life  among  Pima  Indiaui  residents  of  the  Gila 
River  Indian  Community,  particularly  in  relation  to  diabetes,  cardiovascular 
diseases  and  gallbladder  disease.   Death  Certificates  are  obtained  on  all  members 
of  the  Gila  River  Indian  Community  In  addition,  post  mortem  examinations  and  all 
available  medical  records  pertaining  to  the  subjects  are  obtained  to  ascertain 
conditions  present  at  the  time  of  death  and  ascertain  cause  of  death  as  precisely 
as  possible.  These  records  are  reviewed  in  a  standardized  way  for  evidence  of  the 
conplications  of  diabetes,  vascular  disease,  neoplasms  and  other  conditions.  The 
records  are  used  to  determine  the  causes  of  death  and  incidence  of  cooplications 
associated  with  diabetes  and  other  conditions  identified  initially  during  life  by 
the  longitudinal  epidemiologic  studies  in  the  population. 
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The  development  and  progression  of  osteoarthrosis,  rheumatoid  arthritis  and 
ankylosing  spondylitis  are  being  determined  by  means  of  clinical,  radiographic  and 
serological  examinations  carried  out  prospectively  at  two-yearly  intervals  among 
adults  of  the  Gila  River  Indian  Cooimunity  (Pima  Indians)  in  Arizona,  in  conjunction 
with  epidemiological  studies  of  diabetes  in  the  same  cooimunity.   The  purpose  of 
this  investigation  is  to  ascertain  the  determinants  of  these  diseases  in  the 
population,  and  to  identify  factors  which  predispose  to  or  alter  the  natural 
history  of  progression  of  the  disease.   Host  factors  such  as  age,  sex,  and  various 
gene  markers  including  HLA  and  Gm,    together  with  various  potential  environmental 
determinants,  such  as  obesity  and  evidence  of  exposure  to  infectious  agents,  are 
being  investigated  prospectively  to  determine  their  relationship  to  the  development 
of  these  diseases.   Longitudinal  data  have  now  been  collected  for  25  yeajrs  and 
represent  a  unique  data  set  for  epidemiological  studies  of  arthritis. 
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The  Pima  Indiams  of  Arizona  have  the  highest  reported  prevalence  and  incidence  of 
non- insulin  dependent  diabetes  mellitus  (NIDDM)  of  any  population  in  the  world. 
Since  1982,  we  have  been  studying  a  subset  of  this  population  to  determine  the 
metabolic  characteristics  that  predispose  individuals  in  the  population  to  develop 
the  disease.   Approximately  300  subjects  were  entered  into  the  study  and  are 
followed  yearly.   Subjects  are  admitted  to  the  clinical  research  ward  and  undergo 
several  studies  including  underwater  weighing,  oral  glucose  tolerance  test, 
intravenous  glucose  tolerance  test,  standard  mixed  meal  test,  and  a  two-step 
hyperinsulinemic,  euglycemic  clasp  to  measure  insulin  action  in  vivo.   This  past 
decade  approximately  40  subjects  have  developed  NIDDM  during  the  coxirse  of  this 
study.  Analyses  of  the  data  collected  to  date  indicate  that  insulin  resistance  is 
a  major  risk  factor  for  the  development  of  NIDDM,  independent  of  the  risk 
associated  with  being  obese.   In  addition,  among  individuals  who  are  insulin 
resistant  a  lower  acute  insulin  response  is  an  additional  risk  factor.   However, 
those  individuals  with  a  low  acute  insulin  response  have  acute  insulin  responses 
that  are  the  same  or  higher  as  a  matched  group  of  Caucasiam  individuals.   These 
data  suggest  that  insulin  resistance  is  the  major  risk  factor  for  the  development 
of  NIDDM  in  the  Pima  population  and  is  probably  the  explanation  for  the  greater 
prevalence  of  the  disease  in  this  racial  group.   Among  insulin  resistant  persons,  i 
low  acute  insulin  response  is  an  additional  risk  factor  for  the  development  of 
NIDDM.   Both  insulin  resistance  auid  a  low  acute  insulin  response  appear  to  cluster 
in  families  auid  both  have  a  frequency  distribution  that  is  not  fit  by  a  unimodal 
distribution.   These  data  suggest  there  may  be  genetic  factors  that  contribute  to 
insulin  resistance  auid  lower  acute  insulin  responses  in  this  population. 
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We  are  currently  characterizing  the  abnormalities  for  regulation  of  human  muscle 
glycogen  synthesis  in  insulin-resistant  subjects.   In  insulin- resistant  subjects, 
fasting  glycogen  synthase  phosphatase  and  phosphorylase  phosphatase  activities  are 
reduced  amd  fail  to  show  the  peak  insulin  stimulation  observed  for  insulin- 
sensitive  subjects  at  10-20  minutes.   Using  specific  inhibitors  the  abnormal  enzyme 
activities  were  identified  as  a  type-1  phosphatase  (PP-1)  in  human  muscle  from 
insulin-resistant  subjects.   The  abnormally  low  fasting  PP-1  activity  in  insulin- 
resistant  subjects  persisted  following  trypsin  treatment,  suggesting  that 
inhibitors  1  and  2  (characterized  regulators  of  PP-1)  are  not  isportant 
determineuits  of  the  abnormal  phosphatase  activity.   Western  blots  indicate  an 
increased  concentration  of  catalytic  subunit  for  PP-1  in  the  muscle  frcoi  insulin- 
resistant  subjects.   These  results  suggest  that  the  intrinsic  activity  or 
regulation  of  the  catalytic  subunit  is  abnormal  in  insulin- resistant  subjects.  All 
insulin  resistant  subjects  showed  Mn  activation  of  PP-1  in  the  absence  of  azide.   6 
of  10  insulin  sensitive  subjects,  however,  required  azide  in  order  to  see  Mn 
activation  of  PP-1.   The  azide  appears  to  reverse  the  effects  of  an  inhibitor  of  Mn 
activation  which  as  been  localized  in  the  glycogen- mi crosooial  subcellulax  fraction 
of  Mn-resistauit  (insulin  sensitive)  subjects.   These  results  suggest  that  an  azide 
sensitive  structure  in  the  glycogen  microsomal  fraction  of  muscle  is  responsible 
for  the  abnormal  PP-1  activity  in  insulin  resistant  subjects.  A  second  isoform  of 
PP-1  has  been  identified  in  human  muscle.   Characterization  of  this  isoform  may 
explain  the  activity  differences  observed  for  insulin  resistant  and  sensitive 
subjects.   Coopared  to  insulin  sensitive  subjects,  subjects  with  NIDDM  have 
elevated  fasting  PP-1  activity  irtiich,  following  insulin  infusion,  not  only  fails  to 
increase  but  shows  a  significant  decrease.   Four  weeks  of  insulin  therapy   reduces 
the  elevated  fasting  PP-1  activity  in  NIDDM  subjects  and  prevents  their  insulin 
mediated  decrease  in  enzyme  activity. 
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SUMMARY  OF  WORK  lU—  atndmrd  unnduood  ryp*.  Do  not  txe—d  th»  tp»o*  pimkhd.l 

Obesity  is  very  prevalent  among  the  Pima  Indians  and  represents  a  major  risk  factor 
for  insulin  resistance  and  the  development  of  NIDDM.   Obesity  is  a  condition  of 
excess  body  fat  and  seems  to  be  genetically  determined.   Our  search  for  the  causes 
of  obesity  in  the  Pima  population  has  identified  four  known  familial  metabolic 
parameters  predicting  body  weight  gain:   a  low  metabolic  rate,  a  high  respiratory 
quotient  (low  fat/carbohydrate  oxidation  ratio) ,  insulin  sensitivity,  and   a  low 
spontaneous  physical  activity.   We  are  therefore  investigating  the  causes  of  the 
vari£±iility  of  these  metaJaolic  parameters:   1)  females  have  lower  metabolic  rate 
and   lower  fat  oxidation  than  males,  even  after  adjusting  for  differences  in  body 
size  and  cooposition;  2)  age  is  not  a  major  determinant  of  sedentary  energy 
expenditure,  but  is  associated  with  lowering  of  physical  activity  in  free-living 
conditions;  3)  metabolic  rate  seems  to  be  regulated  to  maintain  a  genetically 
determined  body  temperature  and  Pima  Indians  have  lower  a  sleeping  body  tenperature 
than  Caucasiauis;  and  4)  synqpathetic  nervous  system  (SNS)  activity,  measured  by 
micronerve  recording  is  lower  in  Pima  Indians  than  in  Caucasians.   In  response  to 
spontaneous  overfeeding,  carbohydrate  and  protein  stores  are  closely  controlled 
whereas  increased  fat  intake  does  not  result  in  increased  fat  oxidation.  This  has 
led  us  to  study  possible  mechanisms  regulating  fat  oxidation:   l)  skeletal  muscle 
lipoprotein  lipase  (LPL)  activity  correlated  inversely  with  24 -hour  respiratory 
quotient,  indicating  that  a  low  skeletal  muscle  LPL  activity  might  cause  decreased 
fatty  acid  uptaJce  and  oxidation;  2)  differences  in  muscle  fiber  types  account  for 
part  of  the  interindividual  variadaility  in  energy  metabolism.   These  new 
observations  suggest  that  muscle  might  be  the  site  of  differences  in  fat 
utilization  which  might  predispose  to  obesity. 
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The  Phoenix  Epidemiology  and  Clinical  Reseaurch  Branch  was  designated  as  the 
WHO  Collaborating  Center  for  Design,  Methodology  and  Analysis  of  Epidemiological 
and  Clinical  Investigations  in  Diabetes  in  1986.   The  purposes  of  the  Center  are  to 
collaborate  with  the  World  Health  Organization  in  the  implementation  of  the  WHO/IDF 
action  program  to  provide  advice,  consultation  and  collaboration  with  other 
investigators  in  the  design,  methodology  and  analysis  of  epidemiology  and  clinical 
dieLbetes  (NIDDM)  and  its  complications.   The  center  will  assist  in  the  development 
and  application  of  standardized  methods  for  epidemiological  and  clinical 
investigations  relating  to  the  etiology  «uid  pathogenesis  of  non- insulin -dependent 
diabetes  (NIDDM)  and  its  coo^jlications.   The  center  will  assist  in  the  development 
and  application  of  standardized  methods  for  epidemiological  and  clinical 
investigations,  and  data  analysis  relating  to  diabetes  and  collaborate  with  those 
interested  in  applying  such  techniques  else^diere.  The  Center  will  advise  and  help 
in  the  design  of  new  studies,  including  on  site  assistance  irtien  necessary.  The 
Center  serves  to  train  investigators  from  many  parts  of  the  world  in  diabetes 
epidemiology  and  clinical  research. 

The  Center  participates  in  the  WHO  Multicenter  Study  of  Vascular  Disease  in 
Diabetes,  irtiich  is  examining  the  mortality  and  incidence  of  vascular  cootplications 
of  dieibetes  among  different  ethnic  groins  in  different  countries. 
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The  prognosis  and   effect  of  treatment  of  inpaired  glucose  tolerance  (IGT)  are 
studied  in  residents  of  Malmfihus  County,  Sweden.   Mortality  rates  are  determined  in 
over  2000  persons  who  had  glucose  tolerance  tests  in  the  1960s,  and  results  are 
related  to  glucose  toleremce  and  other  factors  at  baseline.   Some  of  these  subjects 
participated  in  a  randcanized  treatment  study  of  IGT.   New  studies  in  population 
screening  and   treatment  of  IGT  are  being  planned. 
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Non- insulin  dependent  diabetes  mellitus  is  a  cooimon  chronic  disease  that  develops 
in  most  populations  in  late  middle  age.   The  Pima  Indians  of  Arizona  have  the 
highest  reported  prevalence  of  this  disease  in  the  world  and  in  contrast  to  many 
populations  the  disease  often  presents  at  am  earlier  age.  As  a  result  of  long-term 
epidemiological  studies  in  the  total  population,  the  familial  nature  of  the  disease 
has  been  well  documented,  and  segregation  analyses  suggest  the  possibility  of 
inheritamce  by  a  single  additive  major  gene. 

This  project  will  search  for  genetic  determinants  of  NIDDM  using  the  techniques  of 
genetic  linkage  analysis  with  restriction  fragment  length  polymorphism  (RFLP)  amd 
other  genetic  markers  to  identify  the  chromosomal  location  of  inherited 
determinants  of  NIDDM  in  the  Pima  Indiam  population.  A  number  of  informative 
pedigrees  have  been  identified  and  lynqph^last  cell  lines  from  informative  members 
of  these  pedigrees  established.   DNA  from  these  lynphoblasts  is  isolated  and 
polymorphic  probes  a^>plied  to  search  for  evidence  of  linkage  of  these  markers  and 
NIDDM.   Probes  with  estaJslished  chrooiosomal  locations  will  be  used  to  screen  the 
genome  to  detect  genetic  linkage  with  NIDDM  as  described  in  Project*  ZOl  DK  69045- 
01  (Molecular  genetic  analysis  of  a  chramosame  4  region  harboring  agent  controlling 
insulin  action) . 
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The  effect  of  insulin  on  S6  kinase  activity  in  skeletal  muscle  from  insulin 
sensitive  emd  insulin  resistant  Pima  Indicms  was  examined.   The  S6  kinase  was 
assayed  in  extracts  of  skeletal  biopsies  obtained  from  the  vastus  lateralis  at  0, 
15,  30,  45,  60,  suid  90  minutes  during  a  hyperinsulinemic,  (-2000  /iU/ml)  euglycemic 
clanp.   Prior  to  the  infusion  of  insulin  S6  kinase  activity  was  similar  in  the 
groups.   In  insulin  sensitive  subjects,  S6  kinase  activity  increased  between  15  and 
30  minutes  of  insulin  infusion  reaching  a  maximum  at  45  minutes  and  then  declined. 
S6  kinase  activity  also  increased  in  resistjuit  subjects,  but  the  maximum  occurred 
later,  at  60  minutes,  without  the  rapid  increase  between  15  and  30  minutes.   The 
absence  of  an  earlier  insulin  response  of  S6  kinase  suggested  that  insulin 
resistant  subjects  may  lack  a  particular  earlier  responding  S6  kinase. 
Chromatography  of  extracts  on  FPLC  IfonoQ  revealed  two  peaJcs  of  insulin-stimulated 
S6  kinase  activity  that  eluded  similarly  in  the  two  groups.   Most  of  the  increased 
activity  occurred  in  peak  2  6uid  immunoblot  analysis  revealed  that  the  enzyme 
responsible  for  peeJc  1  activity  is  antigenically  related  to  the  90  kilodalton  S6 
kinase  and  the  peak  2  activity,  is  accounted  for  by  an  enzyme  antigenically  related 
to  the  70  kilodalton  S6  kinase.   The  results  suggest  that  the  mechanism  for  insulin 
resistance  in  Pima  Indians  occurs  upstream  frcm  the  S6  kinase  in  the  pathway  of 
insulin  signal  transduction.   The  project  has  been  terminated. 
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We  previously  found  that  insulin  rapidly  suppresses  the  activity  of  a  soluble 
PTPase  in  skeletal  muscle  of  insulin- sensitive  subjects,  but  not  in  subjects 
resistant  to  insulin  and  that  activity  of  a  particulate  PTPase  is  chronically 
elevated  in  muscle  of  resistant  subjects.  Either  of  these  abnormalities  could  be 
responsible  for  insulin  resisteuice.   We  have  confirmed  the  rapid  suppression  of 
PTPase  activity  by  insulin  in  cultured  cells  and  in  rabbit  skeletal  muscle  in  vivo 
The  insulin  suppressed  PTPase  can  be  resolved  by  ion-exchange  chromatography.  As 
part  of  our  effort  to  understand  the  contribution  of  PTPases  to  insulin  resistance, 
we  identified  PTPase  cDNAs  in  human  skeletal  muscle  using  PCR.   The  5  major  PTPases 
anplified  included  PTPIB,  TCPTP,  the  band  4.1  -  related  PTPases,  PTPHl  and  PTP-MBG, 
and  a  novel  putative  PTPase.   We  have  isolated  a  full-length  cDNA  and  esqtressed  the 
catalytic  domain  of  this  novel  PTPase,  irtiich  we  call  PTP-PBST  because  its  C- 
terminal  segment  is  rich  in  Pro,  Glu/Aep  and  Ser/Thr  and  contains  potential  PEST 
sequences,  which  are  found  in  proteins  with  very  short  intracellular  half  lives. 
PTPIB  and  PTP-PEST  RNA  species  increase  3-5  fold  in  response  to  insulin,  suggesting 
that  these  PTPases  may  contribute  to  long-term  effects  of  the  hormone. 
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Impaired  activation  of  glycogen  synthase  in  insulin- resistant  subjects  is 
associated  with  both  chronically  lower  activity  of  protein  phosphatase-1  (PPl)  and 
a  smaller  magnitude  of  activation  of  PPl  in  response  to  insulin  compared  to  that 
seen  in  insulin- sensitive  subjects.   Although  PPl  activity  is  low  in  muscle  of 
resistant  subjects,  the  concentration  of  catalytic  subunit  of  PPl  (PPl-C)  is  higher 
than  in  sensitive  subjects  (B.  Nyomba  and  D.  Mott,  CDNS,  PECRB) .   The  predicted 
amino  acid  sequence  of  the  catalytic  domain  of  PPl  was  examined  in  insulin 
sensitive  and  resistant  subjects,  using  polymerase  chain  reaction  (PCR),  and  found 
to  be  identical.   PPl-C  RNA  concentration  and  size  in  skeletal  muscle  (1.6  kb)  were 
also  the  same  in  fasting  subjects  of  different  insulin  sensitivities.  Therefore, 
it  is  unlikely  that  a  major  mutation  in  PPl  accounts  for  abnormal  properties  of  PPl 
activity  in  insulin  resistance.   The  concentration  of  RNA  corresponding  to  PPl-C  in 
human  skeletal  muscle  decreased  by  50%  after  30  min  of  a  high  dose  infusion  of 
insulin  in  vivo.   The  concentration  returned  to  basal  levels  by  120  min.  In 
contrast,  PPl-C  RNA  increases  slightly  in  response  to  insulin  in  insulin-resistant 
subjects. 
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INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Phoenix,  Arizona  85014 


TOTAL  STAFF  YEARS: 


3.4 


PROFESSIONAL: 


2.2 


1.2 


CHECK  APPROPRIATE  BOX(ESI 

El   (a)  Human  subjects 
£]    (a1)  Minors 
D   (a2)  Interviews 


D    (b)  Human  tissues      D   (c)  Neither 


SUMMARY  OF  WORK  (Um  aundanl  unaduead  rypa.  Do  na  axoaad  tha  ipaoa  p/ovidad.) 

The  purpose  of  the  project  is  to  determine  the  incidence  rates,  rates  of 
progression,  and  risk  factors  for  the  chronic  con^lications  of  NIDDM.   The  study  i 
conducted  in  the  Pima  Indians  of  the  Gila  River  Indian  Community,  who  have 
participated  in  a  longitudinal  epidemiologic  study  since  1965  (see  project  ZOl  DK 
69000) . 

Risk  factors  for  the  major  cco^slications  of  diabetes,  retinopathy,  nephropathy, 
coronary  artery  disease,  and  peripheral  vascular  disease  are  determined  by 
longitudinal  followup  of  diabetic  subjects.   Methods  of  ascertainment  of  these 
ccanplications  include  fundus  photography,  measurement  of  urine  albumin  auid  serum 
creatinine  concentrations,  electrocardiography,  and  documentation  of  lower 
extremity  as^utations. 

These  complications  are  responsible  for  the  major  morbidity  and  excessive  mortality 
associated  with  diabetes  in  this  population.   The  incidence  rates  of  severe 
cooplications  such  as  eni  stage  renal  disease,  cataract  requiring  surgical 
treatment,  and  lower  extremity  aniputations  are  as  high  among  diabetic  Pimas  as 
reported  anywhere  else  in  the  world.   Diabetic  nephropathy  is  the  leading  cause  of 
deaths  among  dieO^etic  Pimas.   Late  stages  of  nephropathy  can  be  predicted  by  minor 
abnormalities  of  urinary  albisnin  excretion  early  in  the  course  of  the  disease  auid 
show  strong  familial  aggregation  suggesting  a  genetic  susceptibility  to  nephropathy 
as  well  as  to  diabetes.   Development  of  nephropathy  is  predicted  by  elevated  blood 
pressure  before  the  onset  of  diabetes,  suggesting  that  predisposition  to  diabetic 
renal  disease  is  determined,  in  part,  even  before  the  onset  of  diabetes. 
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DffARTllENT  OF  HEALTH  A»  HUMAN  SetVlCEB  -  PUHJC  HEALTH  fSIVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  DK  69037-03  PECR 


PERIOD  COVERED 

October  1,  1991  to  September  30, 


1992 


TITLE  Of  PROJECT  180  chmncfn  or  Imt-    Thh  mutt  fit  on  en*  *w  b^tw—n  tfw  bordtn.) 

Kidney  Pimction  in  Non- Insulin -Dependent  Diabetes  Mellitus 

PWNQPAL  INVESTIGATOR  (Limt  othtr  pmfmtiont/  ptmonrnl  Mbw  tt»  Pmdpal  kivnigmtor.l  (Nmtm.  M;  Imbontoiy,  and  wmhutt  tffUmtionl 

Chief  PBCRB,    NIDDK 


PI: 
Others ; 


P.H.  Bennett 
W.C.  Knowler 


Chief 


DABS,  NIDDK 


COOPERATING  UNITS  many) 

Cleveliuid  Clinic  Foundation;  Stanford  University;  Emory  University;  Chronic  Renal 
Diseases  Program,  NIDDK 


LAB/BRANCH 

Phoenix  Epidemiology  and  Clinical  Research  Brsmch 


Diabetes  and  Arthritis  Epidemiology  Section 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Phoenix,  Arizona  85014 


TOTAL  STAFF  YEARS: 
0.3 


PROFESSIONAL: 
0.2 


OTHER: 
0.1 


CHECK  APPROPRIATE  BOX(ES) 

IS    (a)  Human  subjects 
D    (a1)  Minors 
D    (a2)  Interviews 


D    (b)  Human  tissues      D    (c)  Neither 


SUMMARY  OF  WORK  lUm  aandair/  unmduoad  rypa.  Do  not  *xo—d  th»  tp»e»  »n>vidtl.l 

The  functional  characteristics  of  the  renal  glomerulus  are  being  investigated 
in  Pima  Indians  of  the  Gila  River  Indiam  Community  to  identify  the  underlying 
pathogenetic  mechanisms  involved  in  the  initiation  and  progression  of  renal  disease 
in  non -insulin -dependent  diabetes  mellitus  (NIDDM) . 

The  Pima  Indian  population  has  a  high  incidence  of  NIDDM  and   diabetic 
nephropathy.   Six  groups  of  subjects  are  being  studied:   subjects  with  normal 
glucose  tolerance,  individuals  with  inpaired  glucose  tolerance  (IGT) ,  those  with 
newly  diagnosed  diabetes  (<3  years  duration  NIDDM) ,  and  diabetic  subjects  {>5  years 
duration  NIDDM)  with  evidence  of  (a.)  mildly  abnormal  albumin  excretion  (b.)  severe 
eibnormalities  of  albiomin  excretion  (c.)  normal  albumin  excretion.   Measurements  of 
renal  amd  glomerular  capillary  wall  function  including  glomerular  filtration  rate 
(GFR) ,  renal  plasma  flow  (RFP) ,  dextran  sieving  coeff iciei.ts,  and  albuminuria  are 
being  performed  and  correlated.  Markers  aind/or  predictors  of  progression  as  well 
as  the  mechanisms  of  initiation  and  progression  of  diabetic  renal  disease  are  being 
sought . 
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OB>ARTMENT  OF  »CALTH  AND  HUMAN  SBIVICa  -  PMUC  HEAL'm  latVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  DK  69038-03  PECR 


PERIOD  COVERED 

October  1,  1991  to  September  30,  1992 


TITLE  Of  PROJECT  180  ahmncttn  or  I—m.    Till*  mm  tk  a,  ana  in*  barwttn  tht  bordf.) 

Insulin  and  Hypertension  in  Pima  Indiams 


PRINaPAL  INVESTIGATOR  fUtt  othm-  profmmon*/  ptnonnal  Mk)w  t/M 

PI:    W.C.  Knowler      Chief 


Q.Z.  Liu 
D.J.  Pettitt 
P.H.  Bennett 


Visiting  Fellow 
Assistant  Chief 
Chief 


Invaigmtor.l   INum,  iMit  labontoiy.  and  mttltuf  affWttianl 

DABS,  NIDDK 

DABS,  NIDDK 
DAES,  NIDDK 
PBCRB,  NIDDK 


COOPERATING  UNITS  Bf  any) 


LAB/BRANCH 

Phoenix  EpidDJiiology  auid  Clinical   Research  Bramch 


SECTION 

Diaibetes  and  Arthritis  Epidemiology  Section 


INSTITUTE  AND  LOCATION 

NIDDK/NIH,  Phoenix,  Arizona  85014 


TOTAL  STAFF  YEARS: 


PROFESSIONAL 


CHECK  APPROPRIATE  BOXIESI 

IS    (a)  Human  subjects 
Kl    (a1)  Minors 
D    (a2)  Interviews 


D    (b)  Human  tissues      D   (c)  Neither 


SUMMARY  OF  WORK  lU—  aandard  unraduoad  ryp«.  De  not  *xe»»d  I/w  ipao*  providtd.) 

It  has  been  suggested  that  subjects  with  dieUsetes  or  impaired  glucose  tolerzmce 
(IGT)  have  a  higher  prevalence  of  hypertension  than  subjects  with  normal  glucose 
tolerance  (NGT) .   Both  obesity  and  glucose  intolerance  are  related  to  increased 
insulin  resistamce,  hyperinsulinemia,  and  increased  risk  of  hypertension. 
Moreover,  patients  with  essential  hypertension  are  insulin  resistant  and 
hyperinsulinemic.   Thus,  it  has  been  postulated  that  insulin  might  be  involved  in 
the  pathogenesis  of  hypertension.   The  incidence  of  hypertension  by  glucose 
tolerance  was  determined  in  2784  Pima  Indiams  without  clinical  proteinuria  at 
baseline,  and   the  associations  between  insulin  treatment  or  endogenous  insulin 
concentration  and  incidence  of  hypertension  were  examined  among  these  subjects. 

Subjects  with  diabetes  or  IGT  had  a  higher  incidence  of  hypertension  than  did 
subjects  with  NGT.   Among  all  diabetic  subjects,  exogenous  insulin  (insulin 
treatment)  predicted  subsequent  hypertension.  Among  nondiabetic  subjects,  but 
not  diabetic  subjects  treated  with  insulin,  endogenous  fasting  insulin 
concentration  predicted  subsequent  hypertension.   Thus,  these  findings  siipport  the 
hypothesis  that  insulin  plays  a  role  in  developing  hypertension  in  non-diabetic 
Pima  Indians . 


THIS  PROJECT  HAS  BEEN  TERMINATED. 
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DB>AirnHBn'  of  health  and  human  services  -  PUBLIC  WALTH  SStVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


mOJECT  NUMBEH 


ZOl   DK   69039-03    PECR 


PEWOO  COVERED 

October  1,  1991  to  September  30,  1992 


TITLE  OF  PROJECT  (BO  ehmcfn  or  hn.    Tkh  mutt  fit  an  an*  Ina  bt\sm»n  ttm  banian.) 

Dietary  Survey  of  the  Pima  Indians  of  the  Gila  River  Indian  Cocmninity 

PRINOPAL  INVESTIGATOR  (Li*t  oOm  prol—ional  panonrnl  bttaw  th*  PHnoiptl  Inv—tiftor.J   (Harm,  tith,  ttbantery.  and  tmtituf  tfTtttionl 

Knowler  C2iief  DABS,    NIDDK 


PI 


W.C. 


P.H.  Bennett 
D.J.  Pettitt 


Chief 
Assietant  Chief 


PBCRB,  NIDDK 
DABS,  NIDDK 


COOPERATING  UNITS  fit  any) 

Cleveland  Clinic  Foundation,  Phoenix,  Arizona. 


LAB/BRANCH 

Phoenix  Epidemiology  aid  Clinical  Research  Branch 


Diabetes  and  Arthritis  Epidemiology  Section 


INSTITUTE  AND  LOCATION 

NIDDK/NIH,  Phoenix,  Arizona  85014 


TOTAL  STAFF  YtARS: 


0.1 


PROFESSIONAL: 


0.1 


0.0 


CHECK  APPROPRIATE  BOX(ES) 

la    (a)  Human  subjects    D    (b)  Human  tissues 
E    (a1)  Minors 
D    (a2)  Interviews 


D    (c)  Neither 


SUMMARY  OF  WORK  lUm  tnndtnl  unraduoad  typa.  Do  not  axaaad  tha  tpaoa  ptovidad.) 

An  age -sex- stratified  santple  of  600  residents  of  the  Gila  River  Indian  Ccomunity, 
ages  18-75  years,  was  recruited  for  a  dietary  survey.   Dietary  intake  was  estimated 
by  the  dietary  history  method  to  obtain  quantitative  food  frequency  information. 
Reported  energy  intake  was  higher  in  men  and  negatively  related  to  age;  thus, 
relationships  with  weight  were  analyzed  by  multiple  regression  controlling  for  sex 
and  age.   Energy  intake  in  kilocalories  (kcal)  was  positively  associated  with  body 
weight  or  body  mass  index,  adjusted  for  age  auid  sex.   Body  weight  was  associated 
with  absolute  intadce  of  the  major  dietary  cooponents,  carbohydrate,  fat,  and 
protein,  but  not  with  any  of  these  components  expressed  per  1000  kcal,  suggesting 
that  total  energy  intake,  rather  than  proportions  of  specific  cootponents,  was  the 
varieible  having  the  strongest  association  with  body  weight.   Alcohol  consun^Jtion 
(in  any  amount)  was  higher  in  men  and  inversely  associated  with  age  and  weight. 
Neither  energy  intake  nor  specific  cootponents  were  significantly  associated  with 
diabetes,  after  adjustment  for  age  amd  sex,  nor  did  diabetes  affect  the 
relationship  between  energy  and  weight,  in  a  subset  of  307  subjects  (153  diabetics) 
examined  for  diabetes  within  one  year  of  the  diet  history.   The  acceptance  of 
obesity  in  this  population  may  reduce  the  xonder- reporting  of  energy  intake  which 
has  been  postulated  in  other  studies.  Body  weight  in  Pima  Indiams  is  weakly  but 
positively  associated  with  increased  caloric  intake. 
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D^ARTMSTT  OF  HEALTVI  AND  HUMAN  latVICES  •  PUMJC  HEALTH  aStVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  DK  69040-03  PECR 


PEWOO  COVERED 

October  1,  1991  to  September  30,  1992 


TTTLE  OF  PROJECT  (SO  ehmrmctwm  or  Jm«.    TM»  mutt  fit  en  on»  *w  batwmn  th»  bord^t.1 

SodiiJin- Lithium  Countertransport  and  Blood  Pressure 


PRINCIPAL  INVESTIGATOR  fUa  oc/Mr  prvfrnthnm/  panontfl  blow  ttm  Prine^tml  bivmtigator.l  (Nam»,  titM.  hbantary,  Mid  imthuu  ttOttionl 

PI:    W.C.  Knowler      Chief  DAES,  NIDDK 


D.J.  Pettitt 


Assistant  Chief 


DAES,  NIDDK 


COOPERATING  UNITS  (It  mty) 

University  of  Pittsburgh;  University  of  Southern  California 


LAB/BRANCH 

Phoenix  Epidemiology  and  Clinical  Research  Branch 


SECTION 

Diabetes  amd  Arthritis  Epidemiology  Section 


INSTITUTE  AND  LOCATION 

NIDDK/NIH,  Phoenix,  Arizona  85014 


TOTAL  STAFF  YEARS; 


0.1 


PROFESSIONAL: 


0.1 


0.0 


CHECK  APPROPRIATE  BOX(ES) 

IS    (a)  Human  subjects    D    (b)  Human  tissues 
E    (a1)  Minors 
D    (a2)  Interviews 


D    (c)  Neither 


SUMMARY  OF  WORK  (Um  tandmni  annduoad  Typ*.  Do  not  axo—d  th*  ipaoa  pmvkUdl 

Red  blood  cell  sodium  lithivim  countertransport  is  a  genetic  marker  of  hypertension 
in  several  ethnic  groups.   It  reflects  the  sodium -hydrogen  antiport  activity  in 
renal  tubules.   Several  recent  studies  showed  an  association  between  sodium- lithium 
countertransport  and  predisposition  to  diabetic  nephropathy.   We  are  studying  the 
relationships  between  sodium- lithium  countertransport,  nephropathy,  and   blood 
pressure  in  a  san^le  of  200  Pima  Indieuis. 
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0B>ART1IENT  OT  fCALTX  AND  HUMAN  iStVICEB  •  PUWJC  HEALTH  tEKVKX 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  DK  69041-03  PECR 


PERIOD  COVERED 

October  1,  1991  to  September  30,  1992 


TITLE  OF  PROJECT  (80  cAa/*cr«n  or  I—m.    TMt  mu*t  fh  an  an*  In*  terwaan  rt»  boMan.) 

Insulin  Resistance  in  ObeBJty  and  the  AsBOciation  with  Lynph  InBulin  Kinetics 

PRINCIPAL  INVESTIGATOR  ILitt  oth^  pnt—monal  ptnonml  bakrM  Iff  Prine^  Invmtigtar.l  (Nurm.  Mt.  Itbontory.  mnd  ktttltiJM  affSitionl 

PI:  S.  Lillioja       Visiting  Scientist      CDNS,  NIDDK 


COOPERATING  UNITS  Of  anyl 

Indian  Health  Service 


k 


LAB/BRANCH 

Phoenix  Epidemiology  and  Clinical  Research  Branch 


SECTION 

Clinical  Dicibetes  and  Nutrition  Section 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Phoenix,  Arizona 


85016 


TOTAL  STAFF  YEARS: 
.15 


PROFESSIONAL: 
.15 


OTHER: 
0.0 


CHECK  APPROPRIATE  BOX(ES) 

Kl   (a)  Human  subjects    D   (b)  Human  tissues 
D    (a1)  Minors 
D    (a2)  Interviews 


D    (c)  Neither 


SUMMARY  OF  WORK  lUm  atnduti  unnduoad  Typ:  Do  na  *xomd  tht  tpmoa  providad.) 

We  have  previously  shown  that  the  density  of  capillary  supply  in  skeletal  muscle  of 
man  correlates  with  insulin  resistance.   We  postulated  that  since  the  lonfenestrated 
capillaries  of  muscle  are  relatively  iapermeable  to  insulin  that  the  increased 
insulin  resistance  in  those  with  low  capillary  density  might  be  due  to  altered 
kinetics  of  insulin  penetration  to  its  sites  of  action  in  muscle.   We  have 
published  a  method  of  directly  collecting  lyn^ih  from  a  peripheral  lynphatic  vessel 
in  sufficient  amounts  to  measure  insulin,  and  glucoce  during  changes  in  arterial 
insulin.   Insulin  concentrations  in  limb  lynph  are  much  lower  than  in  plasma  and  in 
contrast  to  plasma  are  highly  correlated  with  glucose  uptake  in  each  individual . 
However,  conpared  to  obese  insulin  resistant  subjects,  the  slope  of  the  glucose 
uptake/insulin  relationship  is  much  steeper  in  lean  subjects.   Hence,  interstitial 
insulin  concentrations  determine  insulin  action  but  individual  variations  in 
insulin  resistance  are  determined  mors  distally  in  the  pathway  leading  to  insulin 
mediated  glucose  uptake . 
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NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUKSER 


ZOl  DK  69043-03  PECR 


PEROO  COVERED 

October  1,  1992  to  September  30,  1992 


TTTLE  OF  PROJECT  (SO  ohvmetw  or  /bn.    7M*  mut  fH  en  on*  if  btwom  ttm  beftif.1 

Regulation  of  Gene  Baqpression  by  Insulin 


PRINOPAL  INVESTIGATOR  (Lia  cthtr  pmfmmonal  pononnol  botow  tho  Prkte^  InvrntigotorJ  (Num.  tMo.  Itbontary.  and  rtakuf  offmthnl 

PI:         J.  Sommercom     Senior  Staff  Fellow     CDNS,  NIDDK 

Others:     C.  Bogardus       Chief  CDNS,  NIDDK 

B.  Thoopson       Senior  Staff  Fellow     CDNS,  NIDDK 


COOPERATING  UNITS  fff  any) 

Indian  Health  Service 


LAB/BRANCH 

Phoenix  Epidemiology  and  Clinical  Research  Branch 


SECTION 

Clinical  Diabetes  and  Nutrition  Section 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Phoenix,  Arizona 


85016 


TOTAL  STAFF  YEARS: 
.37 


PROFESSIONAL 
.37 


OTHER: 
0.0 


CHECK  APPROPRIATE  BOX(ESI 

IS    (a)  Human  subjects 
D    (a1)  Minors 
D    (a2)  Interviews 


n    (b)  Human  tissues      D    (c)  Neither 


SUIt«MRY  OF  WORK  fUm  aanduxl  unnducmd  Typm.  Do  not  axoomd  ttm  4PM»  providod.l 

In  order  to  identify  genes  that  normally  respond  to  insulin  in  vivo  and 
specifically,  to  explore  the  pathway  of  insulin  regulated  gene  expression  in  hiiman 
skeletal  muscle  in  individuals  with  different  insulin  sensitivities,  we  have 
adapted  the  SI  nuclease  protection  assay  for  use  with  multiple  probes  (multiple  SI 
nuclease  protection  assay)  to  allow  the  simultaneous  examination  of  RNA  abundances 
from  multiple  genes.   In  conjunction  with  hyperinsulinemic,  euglycemic  clamp 
technique,  we  have  evaluated  the  ability  of  insulin  to  alter  the  RNA  edsundances  of 
several  proto- oncogenes  euid  on  other  potentially  insulin  responsive  genes  in  human 
skeletal  muscle  frooi  individuals  with  differing  insulin  sensitivities  over  a  two 
hour  time  period.   Of  the  9  genes  examined  with  this  technique,  4  proved  to  be 
insulin  responsive  in  vivo  in  insulin  sensitive  individuals.   The  proto -oncogenes 
c-Ha-ras,  c-myc,  and  c-src  all  displayed  a  2-4  fold  transient  increases  in  their 
respective  RNA  levels  within  30  minutes  of  insulin  infusion.   In  addition,  myf-5, 
muscle  specific  differentiation  factor  also  proved  to  be  insulin  sensitive.   The 
{Lbundance  of  this  RNA  also  increased  3 -fold  with  a  time  course  similar  to  those 
displayed  by  c-Ha-ras  amd  c-src.   The  responses  of  c-Ha-ras  and  myfS  were 
diminished  in  insulin  resistamt  individuals.   C-myc,  while  responding  to  insulin 
stimulation  in  both  groins  showed  overall  lower  levels  in  individuals  with 
decreased  insulin  sensitivity.   In  contrast,  c-src  RMA  levels  increased  in  response 
to  insulin  in  both  groups.   While  RNA  ab\indance  of  c-jun  and  insulin  receptor  were 
not  altered  over  the  two  hour  time  course  of  insulin  administration,  the  basal  RNA 
levels  were  lower  in  individuals  that  are  insulin  resistant.   This  suggests  that 
there  are  multiple  insulin  signal  pathways  that  result  in  modifications  in  gene 
expression.   Glut-3,  Glut-4  and  c-fos  showed  neither  statistically  significant 
increases  in  RNA  levels  nor  were  basal  RNA  levels  altered  by  decreased  insulin 
sensitivity. 
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NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  DK  69044-02  PBCR 


PERIOD  COVERED 

October  l,  1991  to  September  30,  1992 


TITLE  OF  PROJECT  (80  t^imrmcfn  or  Im*.    TMt  mutt  fh  an  on»  Irm  tf»— n  tt»  bofdan.) 

Insulin  Resistance  in  Obesity  and   the  ABSociation  with  Membrame  Phospholipid 


PRINCIPAL  INVESTIGATOR  (Litt  athtr  prof—ionml  pmwonn*!  btlow  th»  Phna^  kivaJftor.)  INmim,  Mt,  Imbontarf,  and  tttitutt  mffSttian) 

PI:         S.  Lillioja       Visiting  Scientist      CDNS,  NIDDK 


COOPERATING  UNITS  Wtny) 

Indian  Health  Service 


LAB/BRANCH 

Phoenix  Epidemiology  euid  Clinical  Research  Branch 


SECTION 

Clinical  Diabetes  and  Nutrition  Section 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Phoenix,  Ari zona 


85016 


TOTAL  STAFF  YEARS: 
.10 


PROFESSIONAL 
.10 


OTHER: 
0.0 


CHECK  APPROPRIATE  BOXIES) 

K    (a)  Human  subjects    D    (b)  Human  tissues 
D    (a1)  Minors 
D    (a2)  Interviews 


D   (c)  Neither 


SUMMARY  OF  WORK  lU—  tundmrd  annducmd  typ*.  Do  not  axo—d  th»  ^»o»  pmvidad.) 

A  convincing  mechanism  for  the  development  of  insulin  resistance  with  the 
development  of  obesity  has  not  yet  been  determined.  A  recent  report  has  indicated 
that  fasting  plasma  insulin  concentrations,  a  measure  of  insulin  resistance,  is 
correlated  with  muscle  phospholipid  polyunsaturated  fatty  acid  content.  A  similar 
relationship  is  also  found  with  obesity.   In  a  collaborative  study  with  the  authors 
of  this  work,  we  will  examine  the  relationship  of  obesity,  insulin  resistance  juid 
membrane  phospholipid  content  in  Pima  Indians  to  determine  if  obesity  leads  to 
insulin  resistance  by  altering  membrane  phospholipid  content. 
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SUIUMARY  OF  WORK  (Urn  ntndard  unmduemd  typo.  Do  not  uxo—d  tho  m»e»  ptovidod.) 

Previous  studies  provided  strong  evidence  for  genetic  factors  controlling  insulin 
action  and  insulin  release  in  Pima  Indians.   Both,  inpaired  insulin  action  (insulin 
resistzmce)  in  the  skeletal  muscle,  and  a  defective  glucose -stimulated  insulin 
release  appear  to  have  a  primary  role  in  the  development  of  NIDDM  in  this 
population.   Initial  analyses  indicated  a  linkage  of  insulin  action  with  the  MNS 
blood  group  locus  on  the  long  arm  of  chromosome  4  (4q) .   We  have  expanded  this 
observation  by  including  several  DNA-based  polymorphic  markers  spanning 
approximately  133  map  units  (centiMorgans,  cM)  around  MNS.   The  results  were 
consistent  with  the  presence  of  a  putative  gene  on  4q  controlling  insulin  action. 
Two  markers  separated  only  by  1  cM,  the  annexin  V  gene  (ANX5)  and  the  intestinal 
fatty  acid  binding  protein  gene  (PABP2)  showed  the  strongest  linkage  with  the 
insulin  resistauice  phenotype.  Extensive  typings  of  all  currently  known  DNA  markers 
in  this  region  narrowed  the  chromosomal  segment  harboring  the  putative  gene  to 
about  5  cM  encoopassing  ANX5  and  FABP2 .   Because  the  only  known  functional  genes 
in  this  region,  ANX5  and  PABP2,  are  xonlikely  camdidates,  we  have  started  a  long- 
range  genomic  cloning  using  the  yeast  artificial  chromosome  (YAC)  approach  to 
attenpt  the  isolation  of  the  putative  gene.   Our  strategy  includes  isolation  of 
overlapping  YAC  clones  spanning  the  chromosomal  segment  of  interest,  and 
identification  of  novel  highly  polymorphic  DNA  markers  which  will  be  typed  in 
individuals  involved  in  this  study.  Clone (s)  identified  by  markers  showing  the  most 
significant  linkage  with  the  insulin  resistance  will  be  subject  to  the  -search  for 
the  candidate  gene . 
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SUMMARY  OF  WORK  (Urn  tundmni  unnduotd  Typt.  Do  not  oxomd  tho  ipoot  pmkhd.) 

Non- insulin  dependent  diaibetes  mellitus  (NIDDM)  has  a  genetic  component,  amd 
current  evidence  indicates  that  multiple  genes  contribute  to  the  predisposition  for 
this  disease  in  Pima  Indians.   However,  our  knowledge  about  putative  disease  genes 
is  very  limited.   Because  of  the  genetic  ccoplexity  of  NIDDM,  we  have  initiated  a 
"camdidate  gene"  approach  to  investigate  genes  coding  for  proteins  which  mediate 
insulin  effects  or  play  a  role  in  glucose  homeostasis.   Our  group  have  chosen 
chronoscane  19  because  it  carries  three  potential  candidate  genes.   The  first  is  the 
gene  for  the  insulin  receptor  (INSR) .   In  view  of  the  key  role  of  this  receptor  in 
mediating  insulin  effects,  and  the  abnormal  responses  of  skeletal  muscle  in  insulin 
resistant  Pima  Indians,  INSR  is  an  in^jortant  candidate  deserving  a  close  attention. 
A  second  candidate  on  chromosome  19  is  the  gene  for  glycogen  synthase  (GS)  , 
selected  because  the  activity  of  this  enryme  is  inpaired  in  skeletal  muscle  of 
insulin  resistant  individuals,  and  the  resistauice  is  at  least  in  part  due  to  a 
decrease  in  insulin-mediated  glycogen  synthesis  in  skeletal  muscle.   Because  Pima 
Indiiuis  have  a  high  prevalence  of  obesity  which  is  contributing  to  diabetogenesis, 
a  gene  for  a  hormone -sensitive  lipoprotein  lipase  (LIPB)  located  also  on  chromosome 
19  will  be  investigated.  The  enzyme  encoded  by  LIPB  is  inportant  for  the 
utilization  of  fat  as  an  energy  source.   Highly  polymorphic  DNA  markers  (either 
within,  or  in  linkage  with  the  candidate  genes)  are  being  analyzed  in  relation  to 
overt  diabetes,  or  to  abnormal  phenotypes  (e.g.  insulin  resistance,  obesity)  which 
are  contributing  to  NIDDM  susceptibility. 
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Chromosome  11  contains  several  candidate  genes  that  may  be  involved  in  producing 
insulin  resistance  and   type  two  diabetes.   These  candidate  genes  include  the 
insulin  gene,  protein  phosphatase  1  alpha,  glycogen  phosphorylase ,  c-Ha-ras,  and 
IGF-2.   In  addition,  a  rare  form  of  diabetes  and  one  form  of  MODY  (maturity  onset 
diadsetes  in  the  young)  diabetes  have  also  been  mapped  to  chromosome  11 .   In  an 
effort  to  search  for  chromosomal  regions  and   subsequently  the  genes  involved  in 
insulin  resistance  and  type  two  diabetes  polymorphic  markers  are  being  used  to 
examine  chromosone  11  at  a  10  centimorgan  resolution. 


PHS  8040  (R»v.  5/921 


489 


DB>AirnviENT  OF  HEALT>4  AND  HUMAN  tOVKEM  ■  PUBLIC  HEALTH  t&VKt 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUIWBER 


ZOl  DK  69046-01  PBCR 


PEMOO  COVERED 

October  1,  1991  to  September  30,  1992 


TITLE  OF  PROJECT  (80  etmimcfn  er  Jau.    77nl>  muti  fh  on  on*  *m  tenman  tha  bonitn.) 

Identification  of  Insulin  Regulated  Tranacription  Factors 


PRINCIPAL  INVESTIGATOR  (Litt  othf  pmttuionti  ptnamal  batow  tt»  Pnx^ml  Invrndgtor.)  (Num.  tkh,  Itbarmtary,  and  ktttkuf  atiOttionj 

PI:    B.  Thon^son       Senior  Staff  Fellow     C3)NS,  NIDDK 


COOPERATING  UNITS  IK  any) 

Indian  Health  Service 


LAB/BRANCH 

Phoenix  Epidemiology  and  Clinical  Research  Brzmch 


SECTION 

Clinical  Diabetes  and  Nutrition  Section 


INSTITUTE  AND  LOCATION 

NIDDK,  NIH,  Phoenix,  Arizona  85016 


TOTAL  STAFF  YEARS: 
.2 


PROFESSIONAL 
.2 


OTHER: 
0.0 


CHECK  APPROPRIATE  BOXIESI 


(a)  Human  subjects    D   (b)  Human  tissues 

D    (a1)  Minors 

D    (a2)  Interviews 


D   (c)  Neither 


SUMMARY  OF  WORK  (Um  tundard  umwduomd  ryp*.  Do  not  no—d  th»  tf»et  provkM.) 

Previous  work  on  insulin  regulation  of  gene  activity  revealed  that  insulin- 
resistance  alters  insulin  regulated  gene  expression.   Insulin- resistance  alters 
immediate  early  gene  expression  in  a  gene  specific  m«mner,  suggesting  multiple 
insulin  signal  pathways  that  result  in  changes  in  gene  expression.   Two  genes,  c- 
Ha-ras  and  myfS,  displayed  the  same  types  of  insulin  mediated  responses  in  insulin 
sensitive  and  -resistant  individuals  suggesting  the  same  mode  of  regulation.   To 
isolate  the  cis-acting  sequences  and  the  trans-acting  factors  that  bind  these 
sequences  that  are  responsible  for  the  changes  in  RNA  levels  for  these  two  genes, 
genomic  clones  of  myfS  have  been  isolated.   The  5'  regulatory  region  will  be 
analyzed  for  insulin  responsive  elements.   Once  isolated  the  insulin  responsive  DNA 
element  can  be  utilized  to  test  insulin- sensitive  and  -resistant  skeletal  muscle 
for  differences  in  the  trans-acting  factor  that  interacts  with  this  element. 
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Previous  observations  of  the  variation  associated  with  the  acute  insulin  response 
suggested  that  this  phenotype  was  controlled  by  one  or  more  genes.   Glucokinase, 
which  has  been  linked  to  the  MODY  (maturity  onset  diiQjetes  of  the  young)  form  of 
diabetes,  has  been  proposed  as  an  intracellular  glucose  sensor,  a  likely  candidate 
gene  contributing  to  variations  in  glucose  stimulated  insulin  responses. 
Similarly,  GLDT2,  the  major  glucose  transporter  of  the  pancreas  could  also  be 
responsible  for  the  variation  observed  in  the  acute  insulin  response. 
Polymorphisms  at  both  of  these  genes  have  been  examined  for  an  association  or 
linkage  with  the  acute  insulin  response.   Certain  alleles  of  GLUT2  have  been 
associated  with  the  acute  insulin  response,  and  analysis  of  over  90  sibpairs 
suggests  there  is  linkage  between  this  region  on  chromosome  3  and  the  acute  insulin 
response.   Currently,  a  structural  analysis  of  the  coding  regions  for  the  gene 
encoding  GLtn'2  is  underway. 
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Previous  studies  on  the  serine /threonine  protein  phosphatase  (PP-1)  activity  in 
skeletal  muscle  indicated  increased  amounts  of  activity  in  insulin- sensitive 
individuals,  but  increased  protein  amounts  in  insulin- resistant  persons. 
Subsequently,  studies  on  the  steady  state  RNA  levels  of  PP-1  alpha  in  human 
skeletal  muscle  revealed  no  differences  between  insulin- sensitive  emd  resistant 
persons.   In  addition,  a  second  isoform  of  PP-1  was  cloned,  suggesting  that  PP-1 
activity  may  be  a  conposite  of  several  protein  isoforms.   Since  the  observed 
activity  amd  protein  differences  are  not  accounted  for  by  differences  in  the  amount 
of  RNA  in  these  two  groups,  mutations  in  the  coding  regions  of  either  of  the  two 
skeletal  muscle  PP-1  isoforms  could  explain  the  activity  and  proteins  differences. 
Currently,  the  genes  for  both  of  the  skeletal  muscle  protein  phosphatase  isoforms 
are  being  isolated.   The  genomic  clones  for  both  of  these  genes  will  be  analyzed 
and  suitable  PCR  primer  pairs  chosen  from  the  non- coding  regions  that  will  allow 
amplification  of  PP-1  coding  regions.  The  coding  regions  of  both  these  genes  will 
be  examined  in  insulin- sensitive  and  -resistant  persons  for  single  stranded 
conformational  polymorphisms  (SSCP) .   SSCPs  that  result  in  amino  acid  changes  will 
be  further  tested  for  a  relationship  to  insulin  resistance  and  type  II  diabetes. 
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